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Th1s short course in welding h1gh and low pressure

lines was adapted from military curriculum materials for use in
vocational education. The course is designed to teach safety

requzrements for work with high and low pressure p1pe11nes' pipe
welding requ1rements and speC1£1cat1ons- special pipeline repair

weldxngfapp11cat1ons' layout of pipe joints; metallic arc welding of

carbon steel pipe; and inert gas shielded arc we1d1ng of stainless
steel and aluminum pipe. The course consists of nine lessons covering

57.5 hours of instruction. The course cantains materials for’both
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s

a plan of instruction for the course &nd lesson plans for each

*lesson. These contaln an outline of instruction, objectives,
_ activities, materials and tools ‘needed, text assignments, ‘and-
- references. Student materials consist of a study,guide containing

, objectives,

information,. questions, and referenceks. (This course was

designed for students with experience in basic welding.) (KC)
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MILITARY CURRICULUM MATERIALS

.
'

The military-geveloped curriculum materials in this course
package were selected by the National Center for Research in
Vocational Ecducation Mlllt..ry Curriculum Project for dissem-
ination to the six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these courses was to make curriculum materialS™
developed by the military more accessible to vocational

educators in the civilian setfing. &
[

I3

L4

’I'he ocourse materlals wera acguired, evaluated by project
staff and practitioners in the *(ield, and prepared for
dissemination. Materials which were specific to the mlitary =~ ~-
were deleted, copyrighted materials were either amitted or appro-
val for their use was obtained, These course packages contain =~
curriculum resoufce materials éhlch &2n pe.adapted to sypport

vocaticnal instruction and curriculum develagment.

7
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The National Center for Research in
Vocational Education’s mission is to increase
the ability of-diverse agencies, institutions, " *
and organizations to solve educatiopal prob- _
lems relating to individual career planning,
preparatien, and progression. The National
Center fulfills its mission by: .. .

- . - A
¢ Generating knowledge thgough research

. -Déve'loping educational programs and .
products

e Evaluating individual program needs
and outcomes

* Installing éducational programs and
products - - . -
¢ Qperating information systems and‘ .~
services ) - <
e Conducting leadership development and
o) training programs - |
. . " '
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Curnculum Matenals
Dissemination Is ... ’
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an activity to increase the accesmbnhty.of
military deveIOped cumculum matersals to
vocatnonal and technical educators

Thas project, funded.by the U. S Office of
Education, mcludes the identification and
acquisition of ‘curriculum materials in print
form from the, Coast Guard, Air Force,
Aruy, Marine Corps and N’avy

Access to military® cumculum matetials is 4
provided through a “Joint Memorandum of
Understanding’’ between thé U.S, Office of-
Education and the Department of Defense.

What Naterials .
Are Available? - -~
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How Can These

MatenaIS/Be Obtamed

R ey .'~ P

ENCYINY INT DI O J

e

One hurgred twepty. courses on microfiche
(thirteen in paper form) and_descriptions of
each have been provided to the vocational
Curriculum Coordmatson Cenfters and’ other
instructional raterials agencies for dissemi-
nation. * « - )
Coursé materials include programmed '
instruction, curriculum. outlines, instructor
guides, student workbooks apd technical

) /

Contact the Curnoulum Coordination Center
in your region for mfortnatuon on obtaining

materials (e.g., availability and cost).

They

s will respond to your request directly or refer

R W :
-closer to you, -

-~ A, . a

you sto an instructional materials agency

CUNRRICULUL COORDIHAITION CLHIERS

NORTHWEST

T he acquired miaterials-are reviewed-by-statf
and subject matter specialists, &nd courses
deemmed applicable’ to vocational and tech-
nical education are selected for dissemination.

The National Center for Research in
Vocational Education is the U.S. Office of
"Education’s desjgnated representatwe to
acquire the materials and conduct the pro;ect

manuals.’ i EAST CENTRAL
’ . . . Rebecca S. Douglass William Daniels
The 120 courses represent the following Disector. Direcfor
sixteen vocationak subject areas: : 100 North_First Street  Building 17
“r Ce ; ‘ . Springfield, IL 62777  Airdustrial Park
Agriculitare Joog Service 217/782-0759 Olympia, WA 98504
Awviation Health - o 206/753-0879 ‘ v
Building & Heating & Air T !
Construction Conditioning _ MIDWEST SOUTHEAST
Trades achine Shop - _ Robert Patton® * James F. Shill, Ph.D. %
" Clerical Management & Director Director
Occupations < Supervision 1515 West Sixth Ave. Mississippi State University
Cofnmupications Meteogology & ~ ~  Stillwater, OK 74704 Drawer DX °= -
Dralting hd Navigation 405/377-2000 Mississippi State, MS 39762
t ‘ J
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Project Staff: v L
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Wesley E. Budke, Ph.D., Dlrector ’

National Cen(erCIearmghouse R

Shirley A. Chase, Ph.O, - , - N
Pro;ectDlrectorE v
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Electronics
Engine Mechanics

Photography
Public Service
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The number of courses/and the subject areas

representeq Wwill expand as additional mate-

“rials. with. application to vocational and
technical edugation are |dent|hed and selected

for d:ssemmatlon N
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~ NORTHEAST

+ Director \
/. 225 West State Street
Trenton, NJ 08625
609/242-6562

\\Joseph F. Kelly, Ph.D.
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Thusone-b1ock\course includes trammg in safety requirements fpnwork with high and low pressure pipelines, pipe weiding requirements and specnfncatnons
spec:al pipefine repair welding applications, layout of pipe joints, metallic arc welding of carbon steel pipe, and inert gas shieided arc weldmg of stainiess
steel and aluminum pipe. The course consists of nine _lessons coveting 57.5 hours of instruction. The lesson titles and hours foliow:

“ . N

Practice Safety Requirements in the Performance of Required Tasks (.5 hour) - i ’ ’
Pip2 Welding Requirements and Specifications {2 houFs) > T 1 .
Specm Pipeline Welding Repair Applications (5 hours) Coa T ’ *
Layout and Fitup of Various Types of Pipe Joihts.(3 hours) ! . /
Metallic Arc Weldmg Machine {1 hour) - A .

* Prepare Various Types of Pipe Joints for Weiding {1 hour) ) ' ) v
Merallic Welding of Carbon Steel Pipg Joints (18 hours) ‘
inert Gas Shielded Arc Welding of Stainiess Steel Pipe Joints (14 hours} N . . ) -
Inert Gas Shielded Arc Welding of Aluminum Pipe {13 hours) ‘ M~ :

0
* * - N . . /

The course contains materials for both student.and teacher use. Printed matenials for the instructor include a plan of instruction for the course and .

lesson plans for each lesson. These contain an outline of nu's'tructnon ‘objectives, activities, materials and toois needed, text asslgnments and references.

« Student materials consist of a study guide conta ing objectives, information, questions, and references Thns course was designed for students with
experience in basic weldmg 6'
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,DEPARTMENT OF 'THE AIR-FORCE - . *  PLAN OF INSTRUCTION 3AZR53250-4

USAF School of Applied Aergspace Sciences .(ATC) : (PDS Code C63)

Chanute Air Force Base, Illinois 61868 12 March 1975
FOREWORD

1. - PURPOSE. This plan of instruction prescribes the_qualitative req ire—
ments for Course Number 3AZK53250- 4, Welding High and Low Presgure Ling

. terms of criterion objectives pfesented by units/modules of instruction and
shows duration, cogrrelation with the training standard, support materials;’
and instructional guidance. It yas developed under the provisions of ATCR

52-33, Instructional System Development, and ATCR 52-7, Plans of Instruction.

2.’ COURSE DESCRIPTION YThis technical training course trains selected

Air Force personnel possessing AFSC 53250/70 or equivalent civilian expérience
in the g¥ills and knowledges required for welding high and low pressure lines.
Training includes safety requirements in performance of required tasks; pipe
welding requirements and specifications; special pipeline repair welding
*applications; layout and fitzup of various types of pipe joints; metallic

arc welding machine current setting and electrode sele¢tion for carbon ﬁel
pipe; preparation of various types of pipe joints; metallic arc welding

carbon steel pipe joints in the fixed vertical, horizontal, and overhead
p051tions° inert gas shieldéd arc weldinf machine current setting and gas

flow adj0stment and filler rod selection for stainlegs steel pipe welding;
ineri gas shielded arc welding of stainlegs steel pipe in the fixed vertical,
horizontal, and overhead positionms; inert gas shielded arc welding machine
current seétting, and gds flow adjustment and filler rod selection for aluminum
.pipe welding; inert, gas shielded arc welding of aluminum pipe joints in the

, .
. .
. .
. ‘ . - Ao .
- : a 5
< ooy . .

"9
%1?

fixed vertical and-horizontal positions. In addition, related training coyeg%-g <

“commaffder's calls/briefings, etc.
oy . b
NOTE: Traineesééntering this course at a leyel below that specified
. .oby AFM 5
to achieve ‘the levels indicated. .o

‘

N

0}

-

g.'- EQUIPMENT ALLOWANCE AND AUTHORIZATION. Training equipment required to
conduct this course i¢ listed in Equipment Authorization Invewtory Data-

) Number 3ABR532300000. S'"’I‘E"aining equipment authorizations for this course are

based on the following Tables of Allowance:,
’
TA 781, Machin Shop (Intermediate Maintenance, Civilh‘\ T -
Engineering) WRAMA .
TA 782 - Welding, Radiator, and Cooler Shop (Intermediate
’ Maintenance) WRAMA”~
TA 783 Sheet Metal and Plastic Shops (Intermediate
* Maintenance) WRA?ﬁ :
TA 785 Electroplating aiid Heat Treating Shops (Intermediate *
. Maintenance) WRAMA

J

) ~
NOTE: Group size is shown in’ parentheses agker equipfient listod ’

in column 3 of numbeted pages of this POI.

5 or other established prerequisites’cannot be expected .

a
W

L4
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. 5. KEFERENCES. This plan -of instruction is based on. C

STANDARD 3AZR53250-4 26 April 1973, 4nd Course Chart 3
9 chober 1974,

FOR THE COMMANDER

oy 7 A

" Chief, Operations Division

f 7

Yy

Y .

Supersedes Plan of Instruction 3AZR53250~4, 13 March 1974
OPR: Department of Weapon Systems Support Training
DISTRIBUTION: ,Listed on page A -

ii

Jr i
Qo

¢

1

JRSE JTRAINING
53250-4,



5 - . COURSE CHART o ]

~ . b
NUMBER PDS CODE - D.L_TE.. -
3AZR53151-2 - | ce65 . ' 15 April 1975 )
YRSE TITLE -
' «elding High and Low Pressure Lines ) .
ATC OPR AND APPQO)IAL PATE CENTER OPR . SUPERSEDES COURSE CHART
TTMS, 12 June 1973 . Chanute/TTOXW " |3AZR53250~-4, 9 October 1974
OEPARTMENT OPR . APPLICABLE TRAINING STANDARD
Department of Weapon Sysdtems.Support Training * (See, Remarks)
LOCATION OF TRAINING .. I i COURSE SECURITY CLASSIFICATION
Chanute AFB, Illinois 61868 . UNCLASSIFIED -
INSTRUGTIONAL DESIGN TARGET READING GRADE LEVEL FOR PREP.
. “ ! . ARATION OF TRAINING LITERATURE .
Group/Lock Step . .
LENGTH OF TRAINING v ' . ) B / Hours °
! (2_Weeks, _Q Days) i . ) F#

Technical Traming  (TT) . ; 70
Classroom/Laboratory (C/L) ) 60 3
Complementary Technical Training (CTT) - 10 v

Retated FARTAERES SEU9Y) - o - S

" Appointments, End of Course, Predeparture Safety Briefing 10

- . y
{ TOTAL ° ’ ( y 80
w O ’
-~ , ™~
-MARKS . : - N

* CTS CH52- 3AZR53151-2, 14 April 1975 ' Lo

Effective Date: 4 June 1975  with class 750604

°
L

. TABLE | - MAJOR ITEMS OF EQUIPMENT®
~

Training Equipment: Electric Arc Welding Machine, Gas Shielded Arc Welding Equipment,
Oxyacetylene Cutting Equipment, Pedestal Grinder and Buf{fg}', ‘Clean‘ing Equipment, Power
Hacksaw., ‘

L4

- . ~rreanes . Z“i . ) ‘ -

DEC 74 449 REPLACES PREVIOUS EDITIONS AN‘D ATC FéRH 449 B, NOV 72 - ‘e
3 =
Kot *
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CooRSE CHART - TABLE Il — TRAINING CORTENT

3AZR53151~2

H

_NOTE: Include time spent on techniceltreining

treining (RT).
When a deuble

Exclude time spant on Individuel essisyance (remedial instruction).

(T (Elourooq/lobowfoty (C/L) and complementory technicol trelning {CTT))ond related
A single entry of time shewn fer a unit Is C/L time,

RS PER

WK DAY

OF TNG

ontry is -l\own, the ueond ontry is CTT Hno

1y 24 3y © 4y 5)

7]

LN -

Course Material - UNCLASSiFIED BLOCK I - 70 Hours TT.

: Joints (13 hrs).

Orientation‘( thr) s
Practice Safety Requirenents'in the Performance of
Required Tasks (.S*hr) - 6

Pipe Weldlng Requirements "and: Specifications (2 hrs)

-

Special Pipeline Weldiqg Repair Applications (5 hrs)

| Lay Qut' and Fit-up of Various Types of Pipe Joints
(3 hrs) -

Metallic Arc Welding Machipe (1 Hr)

- &
Prepare Various Types of Pipe, Joints for Welding
(1 hr)- - .
Metallic Arc Welding of Carbot Steel Pipe Joints
(18 hrs) - »

Inert Gas- Shielded«Arc Welding of Stainléss Steel
Pipe Joints (14 hrs) ’ ,

¢

Inert Gas Shielded ‘Arc Welding of Aluminum Pipe .

- .

'y
Measurement Test aid-‘Test Critique (1 hr)

Course Critique and‘braduation (1 hr)

(Eau1pment Hazards and Personnel Safety Inteqrated )
"with Above Subjects).
. 60 Hours C/L

P ——

[
o

-

10 Hours CIT

[N

P

10 Hours RT

_ ATC

FORM

APR73

PREVIOYS EDITION OBSOLETE,

ABA evioys ‘
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. _ o COURSE TITLE .ot
o PLAN OF INSTRUCTION | : , Welding High and Ldw -Pressure’Lines f . N
BLOCK TITLE ’ N ] . ]
Welding High and Low Ptessure Lines . .’ ’ ’ ) N .
: . : ©o 1 DURATIO:. . , ) . ’ )
. UNITS OF INSTRUCTION AND CRITERION OBJECTIVES (HOURS) . . - suFpdnt MATERIALS AND GUIDANCE .
2 3
, * , » P
9 ' . . WS- Column 1‘ Reference CTS Reference
, _ - -~ , la ,  Nomne . . L
- . i . ‘ *  "1Instructional Materials . ’ : .
? . 3AZR53250-4-SG-101, Orientation ) .
— . ~1." . & ° ] 3AZR53250-4-H0-101, Bibliography
L » . *
. . , Training Methods . -
. + | Discussion (.5 hr) .
-, ' Instructional Environment/Design .
<. ' Classroom (.5 hr) .
<y Group/Lock Step _ . .
y 4 ) ! . ) Instructional Guidance .
. g Lk Explain the course objective, student reaponsibility, course content,
N . . ’ . and grading methods. Explain thé school. policdies and the astudent |
. ".jeritique program. Have studeht study 3AZR53250-4-SG-101. ..Review the ,
o, , Bibliography Handout. NOTE: This will apply to every lesson throughout
4 ' 0 this POI. Ewmphasize conservation of claassroom lighting, metal spectmens,
™~ ' ) N . . |eleéctrical power and all expendable mﬂ:erials
- ! ’ ] ( ’
2. Practice Safety Requirements in the . .5 Column 1~Reference CTS Reference
Performance of Requized Taska' . ° 2a, 26 - 1
Y ‘
a. Without reference, describe welding . Instructional Materials
S ?ro:ec:ive equipnent and its use without error. | ) 3AZR53250-4~8G~102, Practice Shop Safety\ﬁuche Performance of Reqnired
- PR . . Tasks
b. Without referepce, describe welding " ) ) I -
equipment safety procedures without error. S ' Training Methods ’ : o
. « . .o Discussion (.5.hr) --.. ¥, ’ .
- v ¢ . X .
N | - LN ’ i
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PLAN OF INSTRUCTION (Continved)

, e

UNITS OF INSTRUCTIDN AND CRITERION OBJECTIVES

DURATION
', (HOURS)

) SUPPORT MATERJIALS AND GUIDANCE T *

ve

e

) [N}

a. Using a 1list, determine requirements
pertaining to pipe welding operations with 80X
accuracy. C

- - + ‘ *

b. Without reference, identify and .
describe pipe welding specifications with 80%
accuracy. 4

3. Pipé Welding Requirements and SpecificationT

2/2) *

Instructional Environment/Design
Classroom (.5 hr) i {

Group/Lock Step

Insttuctional Guidance
Explain that_protective equipmeat will be worn at all times during a
performance in the laboratory and that all students will conform to all
required tagks, in accordance with AFM 127-101. Have student complete
3AZR53250-4= SG-102. Instructor will use AFM 127-101, Industtial Safety
Accident Prevention Handbook, as :efetence. ’
&

Column 1 Reference CTS Reference

32, 3 2

Instructional Materials - \
3AZR53250-4-5G-103, Pipe Welding Requifements and Specificatiguns -«
TO 00-25-224, Welding High Pressure and Cryogenic Systems

Training Methods )
Discussion (2 hrs) ros '
Outside Assignment (2 hrs) - - \

. )
Instructional Environment/Design -+ ~ . s
Classroam (2 hrs) ) ) y

- * | Group/Lock Step =
A N
* Instructional Guidance . C
* - Discuss pipe welding requirements and specifications. Have each student
v 3 study TO 00-25- 226 and make outside assignment (completion of 3AZRS53250-4-
. sc—103) ’
1] . Ty’
- t
- - .
. - : ’ : s /
< * ) .
. § N ( ’ »
\ . )
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1] ~ . ’ » 3" - i b
. PL A OF INSTRUETION {Cntinued . . ‘
. UKITS OF INSTRUCTION AND CRITERION OBJECTIVES AZD}’H'},Q,“;?)“ , o e 'f , SUPPORT MATERIALS AND GUIOANCE "
1 - . . .
- ‘ A : F—== — : X
4. Special Pipeline Welding Repair . 7" Columtr 1 Reference CTS Reference .
Applications - (5/2) 4a,’8b, 4c, 4d° s 3 . . . “
T P S ) - b
a.  Without reference, describe special 1 Instructional Materials . ' . )
pipeline welding repair applications with 80% 3AZR53250-4-5G~104, Special Pipeline Welding Repair Applications -
accuracy. ‘ . TO0 00~25-224 - '
b.  Given a list.of statements, identify | - ) Training Me . '
procedurez pertaining to speciil pipeline . |. Discussion (5 hrs) ’ s . *
welding répair applications with 802 accuracy. . Outside Assignment (2 hra) . -
/\ \ 0. €
d‘//. Without reference, describe operator Ingtructional Eavironment/Design . .
qualifications for special pipeline welding " Classrqom (5 hrs) . " - Y ‘.
applications with 80% accuracy. ' Group/Lock Step - )
‘. .
. 4 <
- d., Without reference, descyibe welding . Instructional Guidance - - . e
techniques relating to-special pipeline repair Explain specifications'for special pipeline welding repair applications
applications with 80% accuracy. } . y - and instruct each student on the proper preparation procedures prior to
~ .- welding. Discuss aperator qualifications for welding of high pressure
. and cryogenic systems and special welding techniques applicable to )
pipeline welding repair. {Have each student respond to all written items
% o in the lesson. Have students stud§ TO 00-25-224, Assign completion of
. ; . 3AZR53250-4-5G+104 as outsjde asgignment, & .
5. Layout and FiELUp of Various Typeg-of . 3 Column -1 Reference CTS Réfefence ' - . .- .
Pipe Joints ~ - : S5a . 1, 4 : . ) , -
. St . e . r s - i
a. Given applicable equipment &nd pipe . Instructional Materials )
specimens, while observing all shop éﬁfegy C o, 3AZR53250-4~SG~105, Layout and Fit-Up of Various Types of Pipe Joints
measures, lay oft and fit'up various -typés of - T0 00-25-224 ; | Y ’ P
pipe joints. Joints sust be beveled to 37-1/2 e ] Co e ) J}' 5 ¢
degree 'angles with 1/32 inch land’ face, clean, Train uipment ° N : ’ .
and fréa’of burrs. - p Portable oxyacetylene cutting equipment consistisg.of 1 cart, 1 oxygen . .
. cylinder, 1 acetylene cylinlbr, torch complete with cutting tips,
s A ' ' , regulators, and hoses (1) ,
. T Pedestal Grinder (1) \ i) I
. , Power Hacksaw (1) : ' .
R . ' Toolkit (8) RN ’ '
. _ Drawing Table and Stool-(1) )
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4 _PL‘N OF INSTRUCTION (Continued) g1 s
X UNITS OF INSTRUCTION AND CRIT ERION OBAECTIVES - °;’,,“°‘J,:2," . \/7 . SUPPORT MATERIALS AND GUIDANCE o * .
™ ! i 3 2 ' 3 . . " .‘ -
’ N : o Training Methods - -
Discussion/Demonstration (1 hr) ° oY .
1 _— Performance (2 hrs) _ .
. " , - -
. ; . . Ipstructional Environment/Design "¢
. - - ot Classroom (.5 hr) . v ’ .
. ot Laboratory (2.5 hrs) - s . ; -
) : Group/Lock Step LN - ’
. . ' ‘
. - Ingtructional Guidance .
Emphasize the importance of proper layout and fit-up of pipe joints, -
_ . . * Demonstrate the correct use of all equipmient and supervise each student !
. ’ - . in the safe operation of all equipment required in layout and Fit-up
- : ) procedures. Have student study TO 00-25-224, and complete 3AZR53250-4-
§ g 5G-105. Emphasize conseryation of cleaning materlals. .
= 1 s. Heqa}lic Arc Welding Machine i 1 Column 1 Reference CTS Reference
* ' . 6a . 5a ‘
, a. Given a metallic arc welding machine, . ~6b ’ S5b
) set up and make current adjustments for welding | . . . s
M carbon steel pipe joints. Sgttings are to be i Instructional Materials: . v ‘
made within the range of 80 £0 120 amperes. (.5) 3AZR5325Q~4-5G-106, Metallic Arc Welding chine
:, o ’ . TO 00-25-224 : - ,
. b, Given arc welding electroded, select, . . .
“ the proper electrodes Yor welding carbon steel Audio Visual Aids .
pipe joints in the vertical, overhead, and - Chart: Color Codé C}easification of Electrodes .
horizontal positions. Each electrode selected Z/ .
must be equal to AWS E-601Q. . . £.5) Training Equipment . ) -
’ e - Metallic Arc Welding Equipment ‘consisting of 1 ding machine, velding
—— table, cables and electrode holder (1)
4 o —, * Training Methods = '
s =7 . - Digcussion/Demonstration (.5 hr) ° '
* . . . _ . Performance (.5 hr) . X
< s . . . Ingtructional Environmeht/Design ' N
( . - i, Clagsroom (.5 hr) . L
. S " Laboratory (.5 hr) = _ _ .
- . Group /Lock Step R ! :
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. ' , T PLAN OF INSTRUCTION (Continued)- : - .
’ %" URITS OF INSTRUCTION ANO CRIT ERION OBJECTIVES D?H?J;?,N ' SUPPORT MATERIALS AND GUIDANCE
. 1 20 3 . i o [
’ R , . R ) Instructional Guidance N S
N . " - Demonstrate the correct cu{/eut aettings for carbon steel pipe welding. -
. - Have .each student set up the equipment and select the proper welding
: : e g . electrode for welding carbon steel pipe joints in the vertical, overhead, o~
. . : ' and horizontal positions. Have each student study TO 00-25-224, and
. . - . complete 3AZR53250-4-SG-106. Emphasize proper fit-up to conserve
| electrodes. . . N
) 4
R 7. Prepare Various Types*o? Pipé Joints for ° 3 Column 1 Reference LTS Reference ' .
' / Welding . . . 7a .1, 6 ’ ’ )
. - "?) ‘A -
a. Given the applicable equipment and . | Insgructional Materials . . ,
various types of pipe specimens, while observing 3AZRS53I250~4~-SW-107, Prepare Vaéus Typea of Pipe Joints for Welding
all shop safety requirements, set up and prepare T9 00-25-224 3 '
joints for welding. Specimens must be free o ’ .
. “fof burrs and all organic matter. (1/2) Training-Equipment .
‘ . : Vapor Degreaser (8) WS -’
g~ - Sandblast Machine (8) ‘ ) -
. ' ” | Training Methods : -
) o A N Discussion/Demonstration (.5 hr) : -
- - - 4 Perfo ce (.5 hr) .~ ' ‘
- " .| Outside Ajxsignment (2 hrs) ; .
. S ~ R .
- ' Instructional Environment/Design . - toa-
: Classroom (.5 hr) ?
N Laboratory (.5 hr) .
. . Group/Lock Step /
\ ] - [ -
.o "~ . \ . A . Instructional Guidance
- : . Emphasize the importance of proper preparasion pr:l.or to welding. Bave -
- 3 each student prepare various“types of pipe joints for welding while . .
* - -observing all safety measures applicable to’the equipment. Have students
= study TO 00-25-224, and assign completion of 3&&53250—4-86-107 as outside
- assignment. \ -
v. ) ’ . . \ - &
! PLAN OF INSTRUCTION NO, 3AZR33250-4 ' : DATE 12 March 1975 l BLOCKNO. T ' l PAGE NO. ° 5 .
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> ’
s -~
UNITS OF INSTRUCTION AND CRITERION OBJECTIVES - ' 2°}’HRO‘U7,;§’)" . ¢, - . SUPPORT MATERIALS AND GUIDANCE ) B
' ' I e 2 - . _ B _ Y
8., Metallic Arc Welding of Carbon Steel Pipe 22 R Colv:mn 1 Reference CTS Reference ' \‘ -
Joints ‘ ) (18/4) } 8a 1, 7a !
. : 8b AN 1, o .
a. Given metallic arc welding equipment 8c -1, I
and carbon steel pipe specimens, while observing 8d A, 1d .
all shop safety measures, set up and wéld butt 8e 1, Te.
Joints in the fixed vertical position. Joints 8f ..u>- co1, I1f
must have 100% penetration and be free of 8g 1, 7g
loverlap, undercut, and_slag inclusions for the g 8h, 1, 7h
entire length of the weld. . ,f .1 (2) 81 . 1, 14 .
T ™
- b \Given metallic arc welding equipment 1 Instructional Materials .
. andgcgzw specimeng, while observing JAZR53250~4~5G~108, Metallic Arc Welding of' Carbon Steel Pipe Joints
all shdp safety measures, set up and weld angle TO 00-25-224 ) :
Joints in the fixed vertical position. -Joints T .
must have 100X penetration and be free of Training Equipment /\/_\/ .
overlap, undercut, and slag inclusions for the Metallic Arc Welding Machinel! (1) -
entire lemgth of the weld. . v (2) 2| Pedestal Grinder and Buffer (1)
) sandblast Machine (8) & s
* c. Given metallic arc welding equipment :
and carbon steel pipe specimens, while observing y Training Methods ° - . . ~
all shop safety measures, set up and weld tee Discussion/Demonstration (1 hr) . .
.}Joints in the fixed vertical position. Joints Performance (17 hrs) . . s
must have 30 to 80X penetration and be free of ‘ . Outside Assignment (4 hrs)
overlap, undercut, and slag inclusions for the ‘ - . )
entire length of the weld. : (2) Instructional Environment/Design . X
e ey e ’ "y ”'fl}hboratoyy ¢18 hra) . i - T
"~ d.  Given metallic arc welding equipment Group/Lock Step .
and carbon steel. pipe 8gedimens, while observing X . .
all shop safety measures, set up and weld butt . Instructional Guidance ‘ - {
joints in the fixed horizoptal position. Joints ' Emphasize all shop safety applicable to position welding. Make sure
must have 100% penetration and be free of overlag, .students use all the reguired protective equipment during all laboratory
undercut, and slag inclusions for the entire performance, Inspect all welds after the first pass and recommend
length of the weld. (2) improvements needed to_complete a joint IAW TO 00-25-224. Have stodent
. . study TO 00-25-224, and complete 3AZR53250-4-5G-108. Assign completion
e? Given metallic arc welding equipment | " of 3JAZR53250-4-5G~108 as outside assignment. Emphasize conservation of
and carbon steel pipe specimens, while observing ’ carbon steel pipe specimens'by recutting and re-use. Conserve electrodes
311 shgp safety measures, set up ‘and Weld 1 | by using to.maximum of 2" ‘Gtubs. .
"PLAN OF INSTRUCTION NO. 3AZR53250-4 . DATE 12 March 1975 I 8LOGK NO. | J PAGE NO, ¢
— g — — -—ag“a_ — —_ ——e ‘ PR, _— Jro—— — - — p—— " ame——— —
AT romM . 3grA PP AIME oI TIgNs asoLerE. (EjsalCop: 4% 8 X 10) (Fladt reducton o tnclods avea above tis lindl | PR
- A * b o [ l
onr o ' .




e

R ot

' %

Y

PLAN OF INSTRUCTION (C|:'nti:;uod)

Ja,

DURATION

!

v

Q

"ERIC

Aruitoxt provided by Eic:

‘—*_ -
UNITS. n‘-MTjUGIION—MD—C‘fWERMGEJ':L TIVES
, . . . a K

RS
2 (HOURS)

SUPPORT MATERIALS AND GUIDXNCE

angles in the fixed horizontal position.

Joints must have 100% penetration and be free
of overlap, undercut, and slag inclusions for
the encire; length of the weld. g

f. Given metallic arc welding equipment
and carbon steel pipe specimens, while, observing
all shop safety measures, set up and weld tee
joints in the fixed horizontal position.
Joints must have 300 to 80% penetration and be
free of overlap, undercut, and slag inclusions
for the entire length of the weld,

8+ ' Given metallic arc welding equipment
and carbon steel pipe specimens, while observing
all shop safety meagures, get up and weld butt
j_:m the fixed overhead position. Joints
mugt: ha¥e 100X penetration and be free of over-
lap, undercut, and ‘slag inclusions for the
entire length of the weld.

h, *Given metallic arc welding equipment
and carbon steel pipe specimens, while cbaerving
all shop safety measures, set up and weld angle
joints in the fixed overhead position.’ Joints
mugt have 1002 penetration and be free of over-
lap, undercut, and slag inclusions for the
entire length of the weld.
. —
i.. /Given metallic arc welding equipment
and carbon steel pipe specimens, while observing
all shop safety measyres, set up and weld tee
Joints 1n the fixed querhead position. Joints
must have 30 to 80% penetration and be free of
overlap, undercut, and slag inclusions for the
entire length of the weld.

L~ (2) -

(2) ',

(2)

(2)

(2)

)
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‘ . PLAN OF INSTRUCTION (Continued) " f
UNITS QF INSTRUCTION ANO CRITERION OBJECTIVES :},HW::?)N . SUPPORT MATERIALS AND GUIDANCE
9. 1Inert Gas Shielded Arc Welﬂing of S‘nleaa 14 _}| Column 1 Reference *CTS Reference
‘Steel Pipe 9a 8a
] - 9b & -
a. Given {nert gas shielded arc welding 9¢ - 1, 8¢
equipment, set and make current adjustments 9d N 1, 8d .
for welding stainless steel pipe joints. 9e 1, 8e .
Settings must be made within the range of 60 to 9f 1, 8f .
80 amperes. . (.3) 9g 1, 8g i
. : ‘ 9h 1, 8h .
b,  Given inert gas shielded arc welding - 91 1, 81 ‘
equipment, s¢t yp -and make correct gas flow 93 + 1, 8 )
adjustments for welding stainless steel pipe 9k 1, 8k X
joints. Settings must be made within the range 91 » 1, 81
of from 10 to 15 cubic feet per hour. (-2) . ~. '
° | lnstructional Materials
c. Given staﬁzleaa ateel filler rods, 3AZR53250~4~5G-109, Inert Gas Shielded Arc Welding of Stainless Steel
select the correct filler rod for welding Pipe
sfainless steel. pipe jointa in the overhead, N TO 00-25-224 \
vertical, and horizontal “positions, Each, )
filler yod must be correctly selected. (.3) Training Equipment
Inert Gas Shielded Arc Welding Equipment (1)
d. Givgn inert gas shielded arc velding . Pedestal Grinder and Buffer ‘(1)
equipnent and stainless steel pipe specimens, .
while observing all shop safety measures,,set Training Methods
up and weld butt joints in the fixed vertical Discussion/Demonstration (2 hrs) ! o
position. Joints-must-trave 100% penetration Performance (12 hrs) . .
and be free of overIap, undercut;.and surface -
oxidation for tha entire length of the weld. (1.5) Ingtructional Environment/Design ae- .
- Classroom (1 hr) < g
e. Given inert gas shielded arc welding Laboratory (13 hrs) - ‘
equipment and stainless steel pipe specimens, Group/Lock Step . '
while observing all shop safety measures, set T -
up and veld angle Joints in the fixed vertical Instructional Guidance ' 0
positionl Joints must have 100X penetration . Discuss machine current settings and gas flow requirements for welding .
and be free of overlap, undercut, and surface i stainless steel pipe join{s. Bmphasize safefy requirements for welding
oxidation for the entire length of theilleld » (1.5) in the overhead, horizontal, and vertical positions. Inspect’ all welds
s - after the first pass and racmend improvements needed to complete.a .
~ . . ; . joint IAW TO 00-25-224. Have student study TO 00-25-224, and complete
PLAN OF INSTRUCTION HO.  3AZR53250-4 ~ OATE 12-March 1975 - lm.oc:( Ho. 1 . ! PAGE NO. 8
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oxidation for the entire length of the weld.

.jwhile observing 411 shop safety measures, set

) -

PLAN OF INSTRUCTION (Continued)

UKNITS OF iNSTRUCTION AND CRITERION OBJECTIVES

I

DURATION
5 (HOURS]

./

4

SUPPORT MATERIALS AND GUIDANCE
& .

’

)

' f. Given inert gas ghielded arc welding
equipmeit and stainless steel pipe specimens)
while observing all shop safety meaBures, set
W;p'and weld tee joints in the fixed vertical
ogition. Joints must have 30 to 80Z penetration]
and be free of overlap, undercut, and surface
oxidation for the entire length of the weld.

= 8. Given inert gas shielded arc welding
equipment and stainless steel,pipe aspecimens,
While observing all shop safety measures, set
up and weld butt joints in the.fixed horizontal
[position. Joints must have 1002 penetration
and be free of overlap, undercut, and surface
oxidation for the entire length of the weld.

h.  Given inert gas shielded arc welding
equipment and stainleas steel pipe specimens,
while observing all shop safety measures, set

up and weld angle joints in the fixed hofizontal
position. ' Joints must have 1002 penetration

and be free of overlap, undercut, and surface

-

.

'y
i. Given inert gas shielded arc welding
equipment and stainless steel pipe.specimens,

up and weld tee joints in the fixed horizental .
position. Joints must have 30 to 80% penetration
and be free of overlap, undercut, and sfirface
oxidation for the entire length of the weld.

3. Given inert gas shielded arc welding
equipment and stainless steel pipe specimens, -
while observing all shop safety measures, set

up and weld-butt joints in the fixed overhead
position. Joints must have 100% penetration

and be free of overlap, undercut, and surface
oxidation for the entire-Tength' of tha weld.

(1.5)

(1.5)

(1.- 5)

.'(AZRSSZSO-&—SG—109. Emphasize condérvation of argon shielding and
bagk-up gas by proper flowmeter adjustment.
specimens when poassible.

Recut and re~uge pipe

<
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PLAN OF INSTRUCTION (Continued) , -
: UNITS OF INSTRUCTION AND CRIT ERION OBJECTIVES :}’:&,23" , , SUPPORT MATERIALS AND CUIDANCE
. . M N
k. Given inert gas shielded arc welding . . : /
equipment and stainless steel pipe specimens, .
. [vwhile observing all shop safety measures, get -
up and weld angle joints in the fixed overhead ’
position. Joints must have 100% penetration \ R ’
and be free of overlap, undercut, and surface® R R -
oxidation for the.entire length of the weld. (1.5) i ",
. e 1 Given inert gas shiel.\ied arc welding " - N
. 1 equipznt and stainless steel pipe specimens, - . ' . .
while observing all shop safety measures, set - T
!“ up and weld tee joints in the fixed overhead , . : )
’ ’ |position. Joints must have 30 to 86% penetra~ . )
! tion and be free of overlap, undercut,’and 1
surface oxidation for the entire lemgth of the N
weld., * . (1.2)
7 3
N 10. Inert Gas Shielded Arc Welding of Aluminum 13 Column 1 Reference CTS Reference
. Pipe Joints : 10a - 9a ,
, . 10b % - :
N a. Givefl an inert gas shielded arc ' 10¢ - 9
welding machine, while observing all shop‘safety| - 10d . 1, 9d . ¢
measures, get Up and make correct current adjusto L 10e . 1, 9
- ments for welding aluminum pipe joints. Settingd . . 10f 1, 9f :
must be made within the range of 110 to 130 10g ’ : 1, % "5
amperes. . .3) 10h 1, 9h
. e{ 101 ‘1,91 g
- b.' Given an in gas ghielded arc .
welding machine, while observing all shop safety Instructional Materials .
measures, get up and make correct gas flow JAZR53250-4~SG~110, Inert Gas Shielded Arc Welding of Aluminum Pipe’ Joints
~ adjustments for welding aluminum pipe joints. TO 00-25-224 ) . - . . N -
Settings myst be made within the range of 10 T
to 15 cubic feet per hour. {.2) Training Equipment .
Inert«Gas. Shielded Arc Welding Machine (1)
c. Given aluminum and aluminum alloy Pedestal Grinder and Buffer (1) s
filler rods, select the correct filler rod for . I'd
welding aluminum or aluminym alloy pipe joints. ' Training Methods :
Filler rod selected must be of the game . Discussion?Demonstration (1 hr)
chemical composition gs the ioint being welded. (.5 Performance (12 hrg)
PLAN OF INSTRUCTION HO. 3AZR53250-4 OATE 12 March 1975 BLOCK NO. | i l PAGE NO. 10
Q .4 ony 37A FREVIous EDITIONS S Finol Cop WX -8 X 10%) | (Fiad reduction 1o include area above this llae)
ERIC . _ \ ' : - 9=
VY

AY LV

at . o
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P o
e . 2 . PLAN OF INSTRUCTION (Continued) .
% UNITS OF INSTRUCTION AND CRITERION OBJECTIVES 20'(‘”“0'{,7,:?," , SUPPORT MATERIALS AND GUIDANCE -
s _ — T 3
d.  Given inert-gas shielded arc welding .| Instructional Environment/Design
equipzent and aluminua or aluminum alloy pipe: ,Classroom (.5 hr) -
specimens, while observing all shop safety Laboratory (12.5 hrs) . /
measures, set up and {eld butt joints in the Group/Lock Step . .
fixed vertical position. Joints must have
100X penetration and be free of overlap, vunder- Instructional Guidance * . .
cut, and surface oxidation for the entire Emphasize all shop safety ‘applicable to position welding. Make sure all
length of the weld. (2) students use all the required protective equipment during.all laboratory
. ’ performance. Inspect all welds after the first pass and recomménd
A e. Given inert gas shielded arc-welding improvements needed to complete a jolnt IAW TO 00-25-224, Have each

- equipment and aluminum or aluminum alloy pipe student study TO 00-25-224, and complete 3AZR53250~4~SC-110.- Emphasize
specimens, while obserying all shop safety congervation of wlimfnum and aluminum alloy pipe specimens,” welding rod
mesgures, set up. and weld angle” joints in the and argon gas.
fixed vertical position. ~Joints must have 100% .
penetration and be free of overlap, undercut, )
and surface oxidation for the entire length of -
the weld. ‘ (2)

- £. Given {nert gas shielded arc welding .
equipment and aluminum or aluminum alloy pipe . -
specimens, while observing all shop safety - )
megsures, set up and weld tee joints in the-
fixed vertical position. Joints must have 30 ' /
to 80X penetration and be free of overlap, - PS
undercut, and gurface oxidation for *e entire . .. . :
length of the weld. (¢3) - : .

. Given inert gas ‘shielded arc welding .
equipment and aluminum or aluminum alloy pipe ,
specimens, while observing all shop safety
meggures, set up andWupld butt jointa in the \
fixed horizental position. Joints muyst have
1002 °penetration and be free of overlap, — .
undercut, and gurfice oxidation for the entire
length of the weld. . (2)
' -
— ‘
, -
PLAN OF INSTRUCTION NO.  3A2R532504 DATE 12 March 1975 BLOCK NO. 1 ~ PAGE NO. 11
-— —— — — — —_— —— — —— — — —— p— _— e -
ATC R4 3374 G GrorOiTous casoLETE. {Finol Copy ~ 84% ~ 8 X 101 a (Pinat reduction 12 luctede orea abore this line) -
* 4
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Aruitoxt provided by Eic:

PLAN OF INSTRUCTION (Continued)

~ UNITS OF INSTRUCTION ANO CRITERION OBJECTIVES
.

DURATION
2 (HOURS)

SUPPORT MATERIALS AND GUIDANCE

h.. Given inert gas shielded arc welding
equipment and aluminum or al um alloy pipe—
specimens, while observing all shop safety
measures, set up and weld angle joints in the
fixed horizontal position. Joints must have
100 penetration and be free of overlap,
undercut, and surface oxidation for the entire
length of the weld.

i. Givean inert gas shielded arc welding
equipment and aluminum or aluminum alloy pipe
specimens, while observing all shop safety
measures, set up aad weld tee joints in the
fixed horizontal position. Joints must have
30 to 802 penmetration and be free of overlap,
undercut, and surface oxidation for the entire
length of the weld.

11. Related Training (identified 1in course chart
12. HMeasurement Test and Test Critique

13. Course gritique and Graduation

id

(2)

(2)

10
1
1

~

:a-,\,-‘;.,.

£ v .

DATE 12 March 1975

l BLOCK NO. |

l PAGENOF  12¢°

vLAnorlnH§0cUouNo. 3AZR53250-4

(&3
— — — — —— —
Y] N FORM 137A PREVIOUS EDITIONS OBSOLETE,
MAR 73 * U.8. GPO: 1973—779-403/129

.

dFinal Cop ~—T% - 8 X 10%)

~
-

¢Finat reduction i incinde Sros above dhis ling
. 9f
I L W KN




[y

.

\ 8 a
. (

R ¥ '_’/ R
" ’; - ' — - . -
- LESSON PLAN-( Peyt,
N APPROVAL @FFICELAND DATE _ INSTRUCTOR ' e
Moty J o 75 dter—" 8
s - COURSF »impEn o COURSE TITLE : .
) _JAZR531 52 - Welding High axd Low Preesyre Line=
8LOCK NUMBER ‘SLOCK TITLE ® -
S i I ———{—Weldtnag Hiph wad-Low Pressure Lizes ,
LESSON TITLE 'g; .
Orieatation v, ' P
“n - - . SSON DURATION . 4 . i
CLASSROOM [Laboratory Complemeatary . ToTAL
' D& ,5 hr/ Perf None None _ , oShr > -
. T . POl REFERENCE
. PAGE NUMBER . PAGE DATE PARAGRARH
. 1 o 12" Yar 75 ' 1. -
: - ) $TS/CTS REFERENCE . Ao '
. . NUMBER . DATE k
__CH52.3AZR53151.2 — 14 April 75 '
- SUPERVISOR APPROVAL . — T
_ - SIGNATURE ~ , DATE SIGNATURE DATE
- 1‘ ) L %
Y’ Py =y
’ - ’ ° - - hed o :
- i - — _ - ;' ‘~
- N ( + ;- 1,
L  PRECLASS PREPARATION = T g
* | EQUAPMENT LOCATED | EQUIPMENT~ ) ‘ " | asic aios atio
A 1] :.A;ORAOTORY B ! FRO:'SPUPFNLT‘Y CLASSIFIED MATERIAL UNCLASZIHFEICED MATERIAL .
R None None . None ° 1. 3AZR53151=2-2C-101
. . .t : 243AZR5315Y~2-H6=101
’ a » \ - - - ' . . .
by o - [
K L e . $ -~
i , ,
' 4 %o [} , .
' ey CRITERION OBJECTIVES AND TEACHING STEPS
{° &s School Orieatation. Conducted IAW Sch. Reg, 50-18 Attachment 3 Outline
Rt . . . , 7 . d ‘
b4 To prapare the advanced course studeats with knowledge of tha purpose an
Opogntion of the Graduate Evaluation Program so that ¥hey may effectively
use.the systen, . . e
: . ' ' )
- : ! » \ ¢
L » . o
» ’\ b A - =
“ : ,‘*;’ , R ‘ M
i S Teaching steps are listed i
)‘ s . ' ) v T -
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: s o A4
- '. INTRODUCTION ° CTIME: Sy,
:_J\ 1. 'Attention: ' . & - ’
s

3. Overview:

. . -

4,- Motivation:

s ¥ " BODY

Presentation:

N\ 1. Course objectives and mission.
* 8. 1Inc ease knowledge and skill in
. “. ~welding operations.
. “b. Train Air Force welders in )
- class A welding operations.

2. - Course responsibilities.

a. Provide training materials,
equipment and supervision.

h.. Provide for remedial instruction

v . . when necessary. ~

c. Supervise weldingﬁbéerationg
for proper safety procedures.

D \\\\ 3. Student responsibilitieg
. \
ghuﬂ' Personal conduct
£)

) (1) classroom or lab' -
) .attendance

N (Y No absence except
emergency or sickness .,

-




(3) safety procédures must
be followed

(a) No horsepiay

b. Cleanup

v
. kl) Immediate area ) .
(2) Classroém

" S &) A;éa used (booths,
) s "~ tables, etc.)

c. Conserve equipment and
. materials

(3 -

(1) Put scrap metal in ) ) !
proper containers .

4, Course contert
- ay Orilentation

. 7 .  b. Shop safety

c. - Pipe welding requirements i -~ - g
and specifications ‘ - e

:dn  Special pipe line welding -
repair applications

e. Layout and fit-up ok

- various types of pipe -
. - joints .
' % . -
f. Metallic arc welding ~ )
machines . ' - L=
g.'.Pgepa;e various typds of pipe .« ‘ '

joints for welding

== h. Metallic arc.yelding of
- carbon steel pipe joints

i. Inert gas shielded arc , B h
welding of stainless steel

. pipe - N
‘:ED ) J+ Inert gas ghielded arc N
‘ welding of aluminum pipe
joints -«

i

»
~—
o




/

5. Grading methods '~ - .o B
. ) a. Criterion test- R
. o ’
. . . ¥ . S :
~ . b. Work projects,. hd ' p
R [ .\ ‘{ ' o .. @ - %
' c. Written test ‘ A . .
" 6.. School-policies ’ - ' ,
. N " . ) . . ,
o , . > «
. a. Uniform and appearance - o, .
X b. Driving cars to ‘school. : ' -
c. School hours | i . )

( < . R * . ' - y T ot . " |
© d. Smoking . ) X . ~ . . .

: <0, . . < . ‘ *

e. Breaks A U . . .
. ~ v EN - o
B . S .. ) LSRR~ S N "
. . . f. Military couglesy o : . ,
’ ) ¢ Lo M

~ -
8. -'.,', - P - v :
. - - |
> ) . m‘ e o8 4 .
’ ..""* D\ |
b. during A ) : . |
& & v . [y !
A . - e
- . . - PN
L. . ' N o |
Ty . " .
N . . ‘
. * " . .
: ° . CONCLUSZON - TIME: ™ R
= [ " v . ' 1 M . &
: : . i to S - -
" 2. Remotivation .. ' - .
' 1 * 4 { -
- =L ’ ’. , * +
/: @ -\ ) ® ) 1 .. . )
3. “Assi{gnment: Students will read 3AZR53250-XWs-102 ! ° ' .
s : ey ' ' - : ’
‘ - R '1\ r . \ ‘
T * * ' ) , t ’
. ' . M . P
A , . ‘ :
—— / ‘ . ’ . ‘.
< » =
- v 2 . .
» - 4 ? . \ *
. o R . ‘
[ .
2 - . hd
7 _ . 5 \ . N .. R
: \)4( . . : - ‘ / '
‘ERIC - LT L4 \
P vz e S . Dot . AL ' L. .
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. ) [ T LESSON PLAN(Pastf, General) . _ A5
' }Aq;p(\vAl VI ICE AND DALY JWITRUCTOR ¢ .
BTL" o400 27 Epr— oL ' T
P ..' mmsl -umlu " S o " ;-IIHS! TITHE
1) 2R $3 )¢ -0 . Welding H.igh and Low Presuurc Lines
.- BLOCK NUMARF R . ’ —H‘-Ul X HTLC . -
I ST Welmng High and Low Pressurc Liney, ’
LESSON tiri e  ~ _ '
Practice Shop Safcty in the Perfqma.nce of Requ.lred Tasks
E "LESSON DURATION =<
ClaSJroom/D'“Bor').ﬁory Complementary TOTAL .
D&D .5 h.r/Perf None | XNone .5 hr
. ) - * __POI REFERENCE
PAGE NUMBER _ N | PAGE DATE PARAGRAPH
. . STS .15 REFERENCE
NUMBER N DATE
HEA - BGzan.,s‘/—z, — 19 NPRiz ¢ ’ -
- . supenwson APPROVAL .
- ” SIGNATYRE OATE SIGNATURE DATE
| ® T ;
~ 7 * ‘- -
- i -
. L PRECLASS PREPARATION
DT [ouwdem LOCATED ' QUIPMENT ; . - C
¢ IN LABDRAT ORY | FROM SUPT Ly CLASSIFIED MATERIAL —UNCGLRAAS.:ITICE;'SiTAENROIAL
] - ;
-None - None - None 1, 36225&: S1-2-S¢-
/ ‘ 102\ ,
- 1 ' ‘
. .
4 ! »
o . . '
. CRITERION OBJECTIVES AND TEACHING STEPS . ' .
D . X N . Y T . R . .
a. Without reference, describe welding protective equipment ‘and its use without
error., ) .
*b. - Without reference, describe welding equipment safety procedures without error.
- ~ ' . '
~ % A
Teaching steps are listed in Part II. . ) -
-~ ~ . ;-
: -
’ - J
1 - ‘
. :
Ao vy . ’ -
- (2}
. .

“ERIC

Aruitoxt provided by Eic:
>
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' <. INTRODUCTION
> 1. Attention;‘ )
2. Review: .
| 3. Overview: )
o
» 4. Motivation: :
~
A - ’ . BODY
Presentation:
1. Safety
a. General housekeeping
(1) Cleanliness of york area
(a) No books or paper
- in welding area *
(b) Store combustible waste
. in gelf closing containers
(2) Mark hot metal when left
unattended
. (a) Chalk mark time you
. stopped welding
b. Personal equipment . -
(1) Remove jewelry prior to
o entering welding area

TiME:



- (2) Wear appropriate clothing
"and safety equipment

) (a) No loose clothing or
- . . cuffs on trousers

(b) Leather or asbestos
gloves
/¢ .

(c) Leather aprons and
jackets ’

(d) High top shoes
(e) Eye protection ) ;o

1 Approved welders
helmet and eye

' ' goggles
- 2 Full face shield
(clear) when grinding
metal
- L]
A ‘ (3) Use extreme caution when

operating equipment
(a) Power shears

1 Only one‘man may
operate at any time

(b) Welgding machines .
1l Use approp£iate safety
precautions for operating
electrical equipment

Shield the area around
the welding operations to
prevent spectators and
) nearby personnel from
\ ) recelving eye damage

. ¢. Mechanical and chemical cleaning

. of equipment ’

Iro

. . . (l) Grinders and buffers

(a) Face shield required
m ’ . *. X
han il (b) Use caution to avoid cuts

~ and burns.

C3

o



9>
oQ

~ ' | | |
N (2) Chemical cleaning '
’ - ‘i ’
4,00 (a) Flammable « )
(b) Caustic
(c) Toxic P . -

(d) Use only in well -
ventilated a

a
Application: Given a seriesE\questions concerning protective equipmént and
. ‘ welding equipment safety, each student will select the correct
response for 80% of the questions. )

t

Evaluation: Instructor will check students safety test for 80% accuracy.

CONCLUSION TIME:

L
£ o
2. "Remotivation : ) : )
-(} .
- . .- - <
3. Assignment: Have studenfs read 3AZR53250-X-WS-103 )
. AN
t
X
": £
B _ Y
‘; -~ ‘ -
)
. - : , . J
= [ 4
/ ¢
L 4 ~
FacN
- <
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LESSON PLAN.( Fart 1, General)

PPROVAL OF FICE AND DATF

I mwstaucTon

|
ST (4, 46 2.7 Sapm— :
’ COURSE NUMBER N COURSE TITLE
= SRR S3rsy-a-- . Melding High and Low Pressurc Lines _ -/

BLOCK HUMBER ) BL.OCK TITLE - e

I t VWelding.High and Low Pressure Lineg .. *’

LESSON TiTLE e ) L ~ . o
‘| Pipe Welding Requiroments and Specificat ions

i ) LESS0H DURA I'ION
LTanaroon/LaboraloTy Gomplementary TOTAL .
D&D 2 hrs/Perf None 2 hrs . L hrs
POI REFERENCE

PAGE NUWMBER PAGE DATF . PARAGRAPH )

4 2 l2_ mnR 25— 3.
$TS/CTS REFERENCE
HUMBER DATE
CHS2-372p 535 - 2. 14 NPRIL D5~
) SUPERVISOR APPROV AL
LSIGNATURE DATE SIGNATUREY, DATE
- 4

A—

PRECLASS PREPARATION

EQUIPMENT LOCATED
N LABORATORY

EQUIPMENT

FROM SUPPLY CLASSIFIED MATERIAL

*

GRAPHIC AIDS AND

None -

v

. «

None None

* ¢

UNCLASSIFIED MATERJAL

1. 302RS'315/-2-24-

103

N

CRITERION OBJECTIVES AND TEACHING ST-&:S

807 accuracy.

»
-

a. Using 2 list, detemmine requirements pertaining to pipe welding operations
with 80% accuracy.
b. Without mferenea,

ideptify and describe pipe welding Specifications with

Teaching steps-are listed in Part II.

/. .

\
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INTRODUCTION

1. . Attention: . . ’ . .

ot \
2. Review: ,
'y < E- 3 .
3 . OverViéﬁ H -
r
{
4. Motivation: .
~ .
. %
. - BOD?“ -
Preserntation ' — B

1., -Welding requirements

a. Demonstration of
“proficiency

M 'y
H

(1) To achieve qualified status -
the operator shall demon-
strate his gkill or profic-,
iency by welding joints as - =
specified in MIL-T-5021D,
Alrcraft and Missile Welding : ’

. Opgrator's Qualifications..”

(a) Butt, angle and tee pipe
Jjoints of carbon steel,-
stainless steel, and
aluminum in the fixed
vertical, horizontal, and
overhead positions.

TIME: @

TIME: .




- . 2. Welding specifications

a. -Welding process .

~ 7
' (1) Metallic arc \\

e - = N

(2) Tungsten inert gas (TIG)

,u

b. Preheat treatment , ‘ —
c. Post heat treatment
d. Type of electrode and flux
(1) The composition of the . ) T t
electrode or filler rod will
) conform to that of the metal
being welded
°  e. Mechanical properties of test L
speciment
o ’ : -

~ Application:

1. Given a series of guestions concerning

N\\\ pipe welding requirements and specifications
. select the correct redponge for 80% of the
questions, . .
" Evaluation: ’
. 1. Instructgr/will check students test
. results for 807 accuracy. - >
. . ' - At
CONCLUSION . TIME:
K "« 1. Summary s
K 2. Remotivation
. i' P 3. Assignment: have students read 3AZRS3J5§-X-WS-104.
— M

J!h
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LESSON PLAN ( Fort |, General)

APPROVALZOT FICE ANND NATS

T1 Iyl /.;

IN:TRUCTOR v

S /‘-v——/ . h

— -

countt Nudd, e~ S etHnsE TITLE -

FARZR s-‘%:,si_—_k

Weldmg High and Low Presgure Lines

BLOCK NUMBFTR m OCK TITE

I- :

Welding High and Low Pressure Lineg

LOSSON Tin ¢ 4

’Special Pipe Line Welding Repair Applications.

ey

Q

E

Aruitoxt provided by Eic:

Jron -a,}ung steps are listed in Part II.

RIC___

LESSON DURATION

.

H2- 32861167 ~2 19 QPRI 25—

Cla.x.u'oox a/Laboratory Complementary ~ | roraL
D&D - 5 hro/Perf None | 2 hrs 7 hrs
. _ POI REF ERENCE 3 )
PAGE NUMBFR PAGF DATE PARAGRAPH
(RIAR 75— L
. ) STS/CTS REFERENCE .
NUMDFR DATE

SUPERVISOR APPROVAL

SMGNATHRY DATE SIGNATURE

DATE

PRECL ASS PREPARATION

repair applieations with 80% accuracy.

”\\

FOUIPMENT LOL AT Y EQUIPMENT .
IN 1LADORATORY From St Ly CLASSIFIED MATERIAL UNCLASSIFIED MATE AL
None None None - | 1. Bhzps3isT-2+cat
104 ‘ .
. -1 2. T0
. ) IEAS- 22y
CRITERION OBJECTIVES AND TEACHING STEPS. -
a. Without reference, describe special pipeline welding repaifr applications.with
807% accuracy. < ‘ .y - ‘ Lt
b. Givom a lict »f statements, identify procedures pertaining to’special pipeline .
Wldlng repair applications with 80% accuracy. ’
c. Without rrfervusce, describe operator quallflcatlons for special pipeline weld:.ng
appllcatlom with 80% accu.racy. . . .
d. Wlfhoub reference, descrlbn welding techniques relating to special pipeline -

ATC fomrM - ‘790 '

. AUG T2 .

f1CPo 1972770 300/23
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1. Attention . S

3.  Overview

4. Motivation

Presentétion

1. ‘Welding repair applications

Refrigeration

Chemical i

~

Petroleum systems

Industrial gas and air systems

and plarts .

Mlssiles-(Cryogenics)

]

Advantages

(1) Neatness

(2) Compactness

(3) Rigidity ‘

(4) Low cost

”
H

a v -
\r—’
S~
- .
.
BODY
/
[
’ ?
——— - i)



2. Preparations for welding
d. Cleaning .
(1) Rust
(2) scale .

’

"= (3) oit and grease

b. Butt joint
. ,
< (1) Most comiion joint N

_ (2) where wall of pipe is
. less than 3/16"

(a) Bevel 37 l/2°i‘:
(b) Root face land 1/16"

(¢) Light materials bevel
on grinder

c. Pipe of large diameter wall
. thickness

(1) -Bevel 20 - 37 1/2°

. (2) Usually supplied with
2V bevel ‘ ’

(a) .Use _6xyacetylen?a torch
d. ‘Ali'gnment\ of pipe ends

(1) Channel, angle iron
(2) f:lamps g7

~

(3) Backing ring
, (a) Ring shaped strap .
e
(b) Used in assisting operator

1 Secure penetration

Alignment of pipe ends

jro

3 ‘Check globules and slag

’ [

21

%)



oo ) - '
; ~ c ' Toe ( @ . QQ.'-. . 35
"(4) Tack yelds’ PR
., : (a) Mipimum of .four T ’ . &
. d. Tee, angle joints
’ - (1) /Same‘ preparations as . - - - .

Mt | n
. > . ‘ -
(2) Mére icult to f£it up . o ’

(a) Use template
" 3. Operator qualif@cations ‘ . v

. a. g 00-25-224 Welding High - ' :
essure and Cryogenic Systems

w
A\
R

. (1) Class A welders s
- .

- . (2) Class B welders-. ' "'.f“ / N

b. Certificanion
o R

¢H) Requiremeﬁts'

Welding t':ephniques

- . - w‘
N a. Yﬁxt\igal position . ’ ; & . y
(1) Hold electrode ™o
o . perpendicular to, platé> g R ® ; : ¥ ’ \
R (Q Point elgctrodgMfvn o & . _ o o v
_ to start * - . AR
e -7 - +(3) BulldsfRedy . =~ - 7 N
. R ) ] . -
( oint électrod‘,e upward 1 . ” ’ . o
to continue the weld o, . . $
. . o (S'Cont;rol.flow of ‘metal ‘!" i .
’ ﬁ e SERCEN T 4 "

o . {a) Use electrode- , ‘%\ TR L TS
’ . manipulation £ . - o
S ' . o
@ﬂc

- - . b . "~ .
b ” B _J‘._ Allow &ta,l to . v
- N solidify - |
——— ; . ~ . / ) - . ) a
2 Arc never broken | T " ' ™
. , -




(%q:uold short arc

&

.maximum size
E 3

b. Overhead position_

Sugmary

.

‘(1) Hardest positton

- &

(a) Oyercome forces

. L Cravity

2 Surface temsion of

electrode

. -

(2) Weld megal transfer
(a)
" (b)

(¢) electrode

"1, E 6010

2 size 3/16"

(d) Short arg
¢e)
(£)

(d) Smaller electrgde

(e) Reverse polarity -

—

W

Expansion of gases

Angle of electtode

’

(¢) Lower current setting

(£) E 6010 electrode 3/16"

Forces in electric arc

END, OF DAY SUMMARY

[+

A\

!

-

I

\
*

wssigrﬁ!nt: have students review 3AZR53250-X-WS-104,-notes taken in clgss.
4

.
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2. Remotivation

N iNTRODUCTION TO NEW DAY'S INSTRUCTION
Continuation .
l. Remotivation : } T e

-

2. Review

3

w N \
Presentation
Application: - ,///

1. Given a series of questions concerning special pipe line welding repair,
preparation procedures, operator qualifications and welding techniques,
select the correct response for 80% of the questions.

-

Evaluation: -

1. Instructor will check students’ tegts for 807 accdracy. . ’
o CONCLUSION TIME:

1. Summary )

]

-

>
-

N
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ISTI ‘ é 2L ?:/c(/a%vs % ,; c ‘ . > - -

COURSE NUMBER COURSE TITLE (S : » -

3028 5Fisy-2. Welding High and Low Pressure Lines i
.| BLoCx NuMaEr . -] BLOCK TITLE i

I . . Welding High and Low PreSsure Lines

JLESSON TITLE )

Layout and Fit-up Aéf {arious Types of Pipe Join%s‘ N

R LESSON DURATION, * e
.Glaseroom/Laboratory e - Co§21emepbary . ToTaL . :
D&D 1 hr/Perf 2 hrs No ', . 3 hrs
- ) POI REFERENCE .
PAGE NUMBER PAGE DATE . PARAGRAPH .=’ N
3+Yy ' 1A mAR > D
g ¢ STS/CTS REFERENGE P o
NUMBER DATE . . ., N
CH52-3A2R 3,57 - o _ ldRpPRIL > ‘
T v SUPERVISOR APPROVAL
SIGNATURF DATE * SIGNATURE . DATE
. . 7 =
3
0 . —m e T -
- ) . :
! ’
- - "
' PRECLASS PREPARATION <
" EQuIrMENT LocaTen

’ EQUIPMENT

A
IN LABORATORY CLASSIFIED MATERIAL

FROM SUPT/ LY «

GRAPHIC AIDS AND

lene c¢ylinder,
*torch complete with) ¢
cut g tips, . T
mgﬂ! atore and hnqph('l )

. UNCLASSIFIED MATERIAL

1. Portable Oxyacefy- |- ° |
lene Cutting Equip-| : None ' 1. 3A2R$315°1- R Se. -
ment congsisting of © 105 h
1 cart, 1-oxygen- “ ‘ .2. TO ’
cylinder, 1 acety- ¢

4
co-25-21 4%

(cont on IEVEIS“) CRITERION OBJECTIVES AND TEACHING STEPS

Y

Given applicable equipment and
megsures, lay out and fit up various types of .pipe jointsg.
beveled to 37 1/2 degree angles with. 12;';

burrs.

~ . =
i t 4

\/‘ )
Teaching stepo are listed in Part II.°

o

’

pipe'Specimens, whilé observing all shop safety

2 inch land face, clean, and free of ‘

Joint’s must be

3§

.
PN )
u’
~
g ’ N R -
.
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. ' INTRODUCTION TIME:

1. Attention:

2. Revtew: ) s

.t

3. Overview: During this lesson you will learn layout and fit up of various °
" types of pipe joints for welding

4, Motivation:

- &

BODY ’ TIME:
f'\ Presentation: - >

1. Layout and fit up of pipe
‘ joints for welding :

' NOTE: Draw joints on chalkboard and
- a. Butt joint using pipe ; . layout of each

v

(1) Most common joikt .

. ‘ (2) Where wall of pipe is less. .
o than 3/16"

(a) Bevel 20 to 37 1/2°

=

) (3) Pipe of large diame:er wall ‘ .
- thickndss *

- ? . u’/ 4 .
’ (a) Use-backing ring
» ' - (4) Reinfortehent .

. *
(a) Not in excess of 1/16" .

4.
T

b. Tee joint using pipe

(1) One member forms an angle
e to another—
w—y




0 el Angle joint using pipe
(1) One member forms an angle
to anpther
- ) (a) Problem of fit-up much
greater
. (b) Template is needed to

insure correct fit-up

1’ Materials needed for

template
gAVStraight edge ,
b Triangle
. ¢ Compass
L ~-1] - _d- Rule@ + H s oo s ra_ A *
: : ‘ e Paper and pencil

Application:

1. Given material, students will iay out and
19{t-up various types of pipe Jaidnts in
‘accordance with TO 00-25-224 and TO 34W4-1-5. .

2. Students will observe all gsafety precautions
during accomplishment of projects.

Evglnation: ! - .
- 1. Studentg.projects will be checked for’ v
) praier fit-up and alignment. . '
CONCLUSION " TIME:

1. Summary
2. Remotivation .o l

3. Assignment: ’ have studentS'ré;d'3AZR5315'€Z;WS-106
. §
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Welding High and Low Pressure Lines

Metallic Arc Welding Machines

Classroom/Laboratory *©

LESSON DURATION

1 §ghplementary

TOTAL
D&D .5 hr/Perf .S hr one ’ 1 hr
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PRECLASS PRERARATION

EQUIPMENT
FRAOM SyUPrLY

D

CLASSIFIEO MATERIAL

GRAPHIC AIDS ANO
UNCL ASSIFIED MATERIAL

1. Metallic Arc None None 1. 3N2RS3181~2 S -
Welding Fyui’neal 106
(CRSIST AG G F | weriny 2. T0O
MAU AL Wi ing Thele, - ol AIFR
LR3eS Amy eucrzws) N
. oy (¢ cobE
HeLoer T (1) S trars cole !
‘ \ Y e 1S TION ot
= . ) Chye o0& >
., CRITERION OBRJECTIVES AND TEACHING STEPS
a. *Given a metallic¢ arc welding machiqe, set up and nake current ad justments for
' welding carbon steel pipe joints. Settings are to be made ‘within the range of
80 to 120 amperes.
. b. Given arc w:lding electrodes, sclect the proper electrodes for welding’ R
" carben steel pipe joints in the vertical, overhead, and horizontal positiong.
Each electrode sele:zted must be equal to AWS E-6010.
- R ¢
- . *
Teaching sterps are listed in Part II. -
Y
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INTRODUCTION Time:
ATTENTION: \ o \ )
REVIEW: ,
| OVERVIEW: .
MOTIVATION: ‘ s .
’ BODY Time:
PRESENTATTON: .

1. Principles of operation and use of
various types of electric arc
welding machines.

.

a. Fundamentals of electricity

(1) Electrical current has a
positive and negative
terminal or pole

(2) Polarity is the direction

of current flow

(a) Straight polarity ' ' .
electrode negativey
work positive

(b) Reverse polarity
electrode positive,
work negative

(3) Electric circuit - A éomplete
conducting path-over which an
electric current flows

(4) Electromotive Force (EMF) or
volt - the push that moves the
current , .

i

T (5) Ampere - the rate of
. current flow o



(6) Ohm - the unit of resistance
. to the current flow

4
(7) Arc strecam - a break or
gap current flows across , Y

. . b. Typqg'og welders
- (1) A.C. Welders . : .

. » .—Jx“ :
(a) Transffbrmer . A.C. welders have no
polarity choice

=

Mos® commonly used

2 Most economical

' a Lower initial cost

- . - Hre -
f

e, -

b Lower, maintenance cost

. S - - -

Rated in amperes . 100 to 1200

[[W)

4 Main parcé

transformer

|

b frame

10

ventilating system

lo.

shell

, .
adjustment mechanism
]

|

(2) AC-DC welding machines

(a) Produces both currents through
the use of a._rectifier

(3) D.C. Welders - . .

(a) Driven by suitable
motive power

1 Gasoline engine
Y 2 Diesel engine

’,

Electric-motor

Jwo




(b) Variable voltage type

b

1 Voltage automatic
2 Amperage manua}
., (c) Dual control type

i voltage manual

(RN

2 amperage manual

2. Set up and-adjust welding machfhe ’
preparatory to welding
L
a. Current setting

(1) Size of electrode r
(2) Thickness of' metal
(?) Skill qf operator -
~ .. (a) In general,~ghe proper
current settings are
. o obtained from experience
and should be adjusted to
, fulfill the requirements of \
the particular welding
operation. - \

' b, Forces responsible for metal
' deposition are:

(1) Gravity-
(2) Gas expansion
f:; (3) Electric force ]
(4) Electromagnetic force
\ (5) Surface tension
c. Magnetic arc blow

’ (1) Erratic shifting of the arc

. 2) Inducéd by D.C. current

— . (3) Overcome by

15-45 volts , )

”




d.

%

(a) Change position of
ground
PR 3
(b) Change angte of
electrode

Major factors determining the
quality of the weld

(1) Current setting
(2) Length'gf arc

(3) Angle of electrode
(4) Speed of travel

(5) Selection of electrod%

. 3. Perform operator maintenance of arc.

welding machines

a.
b.

C.

4
. i

Cleaning ’

Check cables electrode holder

Fuses

4. Types ofvcoatings on electrodes and types
of electrodes

a.
-
L
™ b
Cc.

*

Designed with wire core and

coated
[}

(1) Prevention of oxides and nitrides
(a) Causes brittleness in weld
Typ‘es of electrode: ‘ \
(1) Bare
(2) Light coated
(3) tieavy coated
Types of coatings:
(l} Cellulose
(a) Derived from wood pulp,

sawdust, cotton or com-
positions of rayor . s/

cn
Mo

C.L.A.S.S. Rule



"3

(b) D.C.R.P. current

(c) Protests weld with gas
shield

(2) Mineral -
(a) Clay asbestos
(b) D.C.S.P. current -

(c) Protects with slag

5. Select and identify electrode types by

a,

b.

Military specifications

o 4
(1) Air Force Supply Catalogs
identify arc welding elec-
trodes by military specifica-
tion number MIL-E6834

-~ (a) Class A last two digits
? 1% or 13

(b) Class B last two digits
10 or 11 =

(¢) Class C used to weld
chrome molybdenum and
chréome nickel molybdenum
steel when heat treatment

| is required -

(d) Ciass D same as €lass C on
only gives deeper penetration

A.W.S. numerical and color code
(1) 4 digit code

(a) Letter stands for
electrodes

(b) First 2 diglts = PSI g
in thousands :

(c) Third digit = recommended
. position )

(df Fourth digit.= type current

(2) Five digit number

1
' 4
Examplé:

E6013



[

6‘

(a) Same as 4 except first 3
digits = tensile strength
in thousands of PSI "
..(3) Color code . .

(a) Primary - fop tip of
electrode \\

(b) Secondary - spot or band
about 1/2" from top

(c) Group - just below upper
- edge of flux . r

Most common electrodes
a. E6010
(1) No color marking . Lot

(2) All position

“ ”

-

(3) DCRp
(4) Cellulose coating )

. (5) Best for vertical and
overhead work

(a) Good penetration ;? '
(b) ﬁost used'elec£¥cde
b. E6011
(1) Blue secondary »
(2) All position
(3) AC or DCRP cy

(4) Designed as 6010 except for
use on AT

c. TBE6O12 -
(1) White on secondary
(2) All position -

(3) AC or DCSP

[ FA)
VAV

(9



. e »
,
~N N \&%}7Mine;al coating
(5)‘Ve£§ good for poor fit ups
- ' (a) Less penetration
< - d. E6013 |
ﬁl) B}own gecondary
(2) All position -
(5) AC or DCsPp ’
Application: }
: 1. Given equipment and materials .
v + students will:
. .

- 2. Students will observe all safety
) precautions during accomplishment
of project
3
' Evaluation: —~ )
‘ .
1. Students! projects will be checked for
a. Proper.set up current-adjustmdnt
= vg@J and electrode selection
b. Use of safety precautions during
W' accomplishment of project
CONCLUSION
1. Summary:
- 2. Remotivation:
S 3. Assignment: Have students read
-y -

a. Set up and adjust welding machine
for pipe welding without error

b. Select the proper electrode for
pipe welding in the vertical,
overhead and horizontal positions
wvithout error

3AZR53250~X-WS-107

™~

-

~2

L

TIRME:

-ty
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2. Reviews.

3.

A d

~ ¢ .
¢ . .
Overv@ew . -

hd -

Motivacion

4

’.\ Presentation «
e, 4
1. Prepare pipe joints ?br
welding
ot a. Pipe specimens provided |
) i (1) Precut
’ (2) Bevelg&
b. Cleaning prozedureSf
3 . R
. (1) Remove all: - .
¥ .
=~ .+ (a) Rust
(b) Scale
'y L .
° (c)- Paint ..
. ) (d) oi1 an&.grease
‘K .‘0 .
' N

P
Yo

ot

y -

N

! INTRODUCTION

[1
U

J

w

4]

TIME:

TIME:

s
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Welding High and Low Pressure Lines
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Metalli¢ Arc Welding of Carbon Steel Pipe Joints
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D&D 1 hr/P&rf 17 hrs 4 hrs - 22 hrs
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SUPERVISOR APPROY AL

SIGHATURE

DATE SIGNAT URE

PRECLASS “REPARATION

EQUIPMENT LOCATED
N LABORATORY

EQUIPMENT

FROM SUPPLY CLASSIFIED uArz::uL

GRAPHIC AIDS AND
YNCL ASSIFIED MATERIAL

1. Metallic Arg Weld-
ing™achine(1)

2. Pedestal Grinder

-and Buffer (1) -

T

None

NONE

1. 3A2RS3187~2 ~Se—
108 -
2. TO

3. Sandblast Machine )
(8) . .
* - - F

| ‘ CRITERION OBJECTIVES AND TEACHING STERS ) ‘

8. Given metallic arc welding equipment and‘carbon steel pipe specimens, while-
observing all ghop safety measires, set up and weld butt joints in the fixe ’
vertical position. Joints must have 100% penetrdtion and be free of overlap,
undercuf, and glng inclusions for the entire length of Lhe weld. .

b. “Given metallie arc welding equlpmeﬂt/ﬁnd carbon steel pip: specimens while .
-obanrving 11l shap saltty measures, set upf and weld angle~joints in the fixed

© wvertical porition. Joinlg nillg, have 100% penetrilion and be free of; overlap,
undercut, and slag inclusions fot the entire length of the weld.
. . LY »

c. Given metallj% arc welding equipment and carbon steel pipe specimens, while
observing all shop Bafety measures, get up ‘and weld fee joints in the fixed
vertical position. Joints mugt have 30 to 80% 'penetration and be free gf

<X, overlap, undercut, and slag inclusions for the entire length of the weld.

e . . . ~ . '

A B o
¥ FORM D i - ot .
ATC A‘?n 2 170 . . 7‘} ~ ) ﬂaro' 71778 ‘ngc/n
. V\ . f ’ ) Y
.9
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:&essou PLAN (Poct L %enarcl) ¢INTINUATION SHEET -

L <£ -~ ¥ CRITERION OBJECTIVES AND TEACHING STEPS (Continyed)

d. Given metallic arc welding equipment and carbon stecl pipe specimens, while
observing all shop safety measures, set up 2pd weld butt joints in the fixed

. horizontal position. Joints must have 10055 penetration and be free of overlap,
ndercut, and slag in:lutions’ for the entire lenglh of ‘the weld.

e. Given metallic arc wilding Oquinment' ~ard cirbon eteol pipe specimens, while
cbaerving all ohoy satety, measures, set up and weld angles in the fixed horizental

O preition. Joints must have 1007 penetration and be free of overlap, undercut,

end slag inclusiong for the entire length of the weld. '

L. Given metallic 2r: w'ding equipment and carbon steol pipe specimens while observ-
ing all shop 2afety measures, cet up 1nd weld tee joints in the fixed horizontal
position. Joints.must have 30 to 80% penetration and be free of overlap,
undercul, and slag wnclusions for the cntire length of the weild.

g Given retallic arc welding equipment and carbon steel-pipe 3pecim2ns while
dbserving all chop safety measures, set up and weld butt joints in the fixed
overhead position. Joints must have 100% penetration and be free of overlap,
}mdercut, and slag inclusions. for the entire length of the weld.

h. Given metallic arc welding equipment and carbon steel pipe gpecimens while
obaerving allSshop safety neasures, set up and weld angle joints in the fixed
ﬂ overhead position, Joints must have PdO‘,’Z- penetration and be free of overlap,

widercut, and glag inclusions for the entire length of the weld.

L)
2

i. Given metallic arc welding equipment and carbon steel pipe specimens while'
.observing nll shop safety measures, set up and weld tee joints ‘in the fixed
overhead pogition. Joints must have 30 to 80% penetration and be free of
overlap, undercut, and slag inclusions for the entire length of the weld.

.
)

Teach:®g steps are ligted in Part II.

~
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Ty

X § INTRODUCTION TIME:
1. Attention . .
2. Review
~ -
« - 3. Overview =
®
£ -
L} -
4. Motivation . ’ *
s .
v, L
”~
X ’ , ; BODY ' TIME:
Presentation N
i. weld joint of carbon steel in the
fixed vertical bos‘itiogJ
ay Wertical position welding -
Nore difficult than flat e 7»'
(2) Short arc S~
(3) Reverse polarity
(4) AWS - E - 6Q10 electrode
b. ‘fcchnique for welding vertical °
*(1) Hold electrode perpendicular
to plate . ' B
: (2) Upw‘ard tilt of electrode tip - . -
>, (35 Point electrode down: td. start
= -y . (')/p ' .
([0) Shelf * P
(5) N'e"‘“breék arc
' O . ' .
ERIC—— = e 2

¢

I




(6) 3/16" electrode max diameter
for vertical welding

c. Joint preparation and specificattons
(1) 1/8" material
(2) No special pfeparatiou
(3) 1/4" or heavier
T (4) Beveled
(a) & o .
(b) U
() Vv

-

Weld joints of carbon steel in the fixed
overhead and horizontal pgsitidms to
specificationq.
a. ,Overhead welding

(1) Errection of structuras
(2) Hardest positio? b

-

L. Weld metal Lyansfar
(1) Forces in electr&c arc
_(2) Expansion of gases
f(3i Elgctrode

(a) Type- @
", (b) Size 3/16"

(&) Short arc )

(5) Angle of electrode

(6) Algo helped by v, '
(a) Adhesion |

(b) Surface tension

(c) These help overcome
[ t .

1

#

A



1 Gravity . ’

2 Surface tension of
electrode

¢c. Preparation and specifications ) ' ;
" (1) Clean metal ,
(2) 1/8" or under ‘
(3)“1/4" or heavier -
(4) Beveled -
(a) J
’(b) U
: (c) V
d. Welding Techniques '
AN (1) Hold short arc )
(2) Don't weave g ) )
, ;‘ (3) Angle depends on type joint
e. Safety:
(1)‘Wear protective cloth&ng
(2) Check for élect;ical hazards
3. Application: Each student ;ill weid

carbon steel pipe butt, tee and angle
-Joints in the fixed vertical, horizontal

s and overhead positions.
, L3
) END OF DAY SUMMARY ) : ‘
I+ Summary o ,
o - k]
3
i. Assignment: Have students review 3AZR33250-X-WS 108 .o

and notes taken in class.
o 2

. .
. /\ .
w— . '
- -~
.
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£ INTRODUCTIQN TO NEW DAY'S INSTRUCTIONS

Continuation ' N -

1. Remotivation

‘ ) '-2'. ﬁeview.

Presentation
Application:

1. Students will continue toYyeld carbon steel pipe butt, tee and angle
joints in the fixed vertical, horizontal and overhead positions.

M\ 2. Students will observe all safety precautions. -

END OF DAY.SUMMARY

Summary :

Assignment: Have.gtudents review 3AZR53250-X-WS-108 and notes taken in
' class. - .

~ f . \
: .
.

* INTRODUCTION (TO NEW DAY 'S INSTRUCTIONS

4

-Continuation

v
1. Remotivation ' > ‘ .
° * ’ N
s,
. t
., 2. Review : - ..
Tho- : 0
oy 3>




19

Presentation

Application:

1. Students will continue to weld carbon steel pipe butt, tee and angle
joints in the fixed, vertical, horizontal and overhead positions,

2, Students will observe all safety precautions.

Evaluation: Welds will be checked for porosity, slag inclusions, overlap,
undercut and penetration.

CONCLUSION TIME: A

1. Summary:

2. Remotivation:

3. Assignment: Have students read 3AZR53250—X-WS-169

€ -

57



LESSONBLAN ( Pt I, General) ‘ Y x4
N U/

J PPROVAL OFFICE AND DATE INSTRUCTOR . . -
g I ¢aves {.;91«-/-
|. coursF ndlnen ) COURSE TITLE
H2ES 35T - 2. * | Welding High and Low Pressure Lines .
ALOCK NUMBER DLOCK TITLE '
I . : . Welding High and Low Pressure Lines
LFSSON TITLE T : . s T
Inert Gas Shielded Arc Welding of Stainless Steel Pipe ,/””?J’/ .
| e LESSON DURATION /
Olassroom7ta50ratory “Complementary TotA
2 hrs/Perf 12 hre _Wone 7/ 1l hrs,
- o FOIREFLRENCE \ )l
PAGE NUMBER ! PAGF DATE PARAGRNEH
2.9, 10 . e JLxmhe o5 9
. ) $TS CT1$ REFERENCE ’
NUMBE R DATE
| CH%2- SA2R {3157~ 2 ‘ & Y. 3PRIL DS~ .
Lo “UPERVISOR APPROVAL -~
SIGNATYRS — YATE SIGNATURE | . DATE
3 41(- 4 N ‘
_ * FRECLASS PREPARATION
FQuipue A 3’
|:4 :‘A;;':-An‘f(‘”;:l l'"lﬁ‘:::‘;l.‘:fv ct ASS””EO;AT.ERIAL UNCGLRAAS::‘F'::ES':-:‘:::!AL
1. Inert Gas Shielded s L. ] ;
Arc Welding NIONE tione 1. 3N2RS3IS1~T~Scrm
Equipnent (1) ‘ . 109
2. Pedestal Grinder ' v A, TT S0 -as- Ay
3 . a4 -
> and Buffic (1) - :

e "'AR'TFPION NRJECTIVES AND TEACHING STEPS !

—_— ce———— = L
~

a. Grven inert M chield»d are welding equipment, set up and make current adjust-
ments for welding stainless steel pipe Joints. Settings must be made within
Jthe rangw of 60 to 80 amperes.
o : v
b. fyven anert s shiclded am welding equipment, et up and make corruct Tale]
flow adynciments “~r welding stainless steel pbrpe joinfs, Setting; must be
n~de within the range of frem 10 to 15 cubic feet per hour,
‘; T - s
C. Given gtainlesgs ateel filler m™d3, select the correct filler rod for welding
tainloss steel pipe joints in the overheéad, vertical, and horizontal positions.
zh filler rod must be vorrgetly selected. *

d. Given inert rag shaelded are wrlding equipment and ctainless steel pipe specimens,
o2 while sbserving all 3hop safety measures, set up and weld butt joints in the fixed
. ]= ,gertical positien. Joints must have 10070 penetration and be free of overlap, undef
cut and surface ogidation for the entire tength of the weld. - ,
A - \ . »
. - N i)
T
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Given inert gas shielded arc welding equipment and stainless steel pipe specimens,

' . while observing all shop safety measures, set up -and weld angle joints in the {
fixed vertical position. Joinls must have 100% penetration and be free of

overlap, undrreut, and surfeéce oxidation for the entire length of the weld.

CRITERION OBJECTIVES AND TEACHING STEPS (Continyed)

Given inert gno shielded arc welding »quipment and stainless steel pipe

Jpecamens, while observing all shep safety me wures, get up and weld tee joints
in the fix-d vertical position. Joints must have 30 to 80% penetration and be
free of overlap, undercut, and surface oxidation for the entire length of the
veld,

%iven inert gou ecnielded arc welding squipment and atainless steel pipe specimens,
while observing 1ll.shop safety measures, set up and weld butt joints in the

* fixed-horizontal position. Joints must have 100% penetration and be free of
overlap, undercut, and surface oxidation for the-entire length of the weld.

h. GCiven inert gac shield2d arc wrlding equipment and stainless steel pipe
spegamens, while observing all shop safety measures, set up and weld angle joints
in the fix»d horizontal position. Joints must have 100% penetration and be free
of overlap, undercut, and surface oxidation for the entire’length of the weld.

i, Given inert gas shielded arc welding equipment and stainless steel Dpipe

specimens, while observing all shop sa

fety measiires, set up and weld tee joints

be free of overlap,
weld,

te free of overlap,
weld, . '

in the fixed horizontal position.

Joints mist have 30 to 80% penetration and
undercut, and surface oxidation for the entire length of the

»

Given inert pas gharlded arc welding equipment and stainlegs gteel pipe
specimens, while observin
Joints. in the fyxed overhea

11 shop safety Mmeasures, set up and weld butt
position. Joints must have 1007 penetration and

unde rcut, and surface oxidation for the entire length of the

fiiven inert gis ghielded are welding equipment and stainless steel pip specimens,
while observing all shop gafety measures, set up and'weld angle joinhziﬁn the
fixed overhead position.

Joints must have 100% penetration and be free of over-

lap. undercut, and surfuce

Given inert gns
whils wbserving

shielded
all chop

oxidation for the entire length of the weld.

arc welding equipment and stainless steel plpe
safety measures, set up and weld tee joints in

specimens,
the fixed

overhea pocitenn.

Toinismust wive 3¢ id v penetrafion and be free of

overlap, under:u}, and surface oxidation for the entire length of the weld.
- . .

» [

Teaching steps are listed in Part II:s ° *

-
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INTRODUCTION . TIME:
1. Attention ‘
2., Review )
. o ‘ .

3. Overview: In this lesson you will learn inert gas shielded arc welding machine
set up, filler rod selection, current setting and gas flow adjusgpen'

for stainless steel pipe welding. :
. . 1Y -
4. Motivation ) s
o .
3 - Y -
BODY . o TIME:

”

5 Presentation

2

"l. Principles and uses of TIG

a. Princibles . ~ ’
- . I
i . (1) Inert Gas ! ’
s ’
(2) Protect Weld Area v , ‘
- . - - Y,
(3) Colorless, odorless ) »
EN ~ - - ¥ -
2~ ) -
(4) . Nontoxic, non-flammable - s .
4 =
Jeh -, b. Source of Power
K3 . / .
. (1) AC-DC Current N
i . ~ . . o
o . ’ (2) Accurate current control - o
¢ . * ’
(3) Superimposes high frequency
\)” . (4) Welding current ) . . ‘ ‘
. (a) DC-straight polarity . - '
, - ) 1 Electrode negative
. | e ’
' . 2 Less chance of arc blow . 1 -, e
. " 3 Used on stainless o -
3 ) ’ m‘ - '
. X o . ‘. ] ﬁ & ———- Arr———
1 / .. .




e. -Torch . 3
’ (1) Types
\ (a) Ailr cooled
. 1l Thin material
2 AC-DC up to 100 amps ‘
(b) vWater cooled !

(c)

2 - N

. .
-
»

4

1 Higher current ratings
above 100-300 amps
-

L)

"1-2 pints of water through
the torch per minute

3 45 amps fuse as safety device
to prevent overheating in case
of water stoppage ’

4 Water stoppage usually residue
or dirt in passage
5 Disconnect waterline -

regverse water flow
Basic harts of a torch
p

1l Cpllet used to hold
-electrode

2 ‘Cup girects gas flow

3 Torch body

Electrodes i
l;-éommercially pure
. & Green tip T \
’ l/ v
2 -1% Thoriated e
Y ‘x
‘a Yellow tip .
3 2% Thoriated
o, 4
° a Red
o (\’
o)

&,



4. Welding joints of corrosion and heat *
*  -resistant ferrous alloy pipe in the .
vertical position to specificakion.
" Proper joint preparation as
described above

b. Tack weld
c. Weld bead atpli
(1) %enetration pass — .
, (i) Stringer beads
5. Welding joints of corrosion and heat E
resistant ferrous alloy pipe in the

overhead and horizonfal pasition.

a. 'Proper joint preparation ‘as
described above

.’

b. Tack welds

. ¢. Weld bead application /
(1) Penetration pass i P
(2) Stringer beads . -
' .Application: : . !
$ 1. Students will- weld butt angle ;nd tee .

j01nts of sbaihless steel in the fixed ,
vexﬂipal horizontal and overhead positions.

\/\-\i ’ .
2. Students willi observe safety
précautions., . -
N Y e END OF DAY SUMM.A?Y
) N \o - e i A4 -7 ~ . Ta .
s Sumpary? < -
. IR . .

¢ ¥ Assignment: - Have students review 3AZR53250-X-k5~109

R and notes taken in class.,

5 '

——
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R . . GRITERION 0BJECTIVES AND_TEACHING S‘I"EPS o
| % " -la, Given an inert £as chiplded -a weldlng machine, wlule" observihg a.ll shop
. ‘safety meagures, set up and make.correct cufrent adJustmenté' fQ weld.mg M
aluminum pipe ,dointa. Settingd musj/be made mthln the ra.nge of 110 to 130
* 'amp r“s. . .. L . e .
L [RA 2 . - . 2 o \ '
‘? s feare &
« v iAd. Given an 1ner¢, g’m gshielded are weldlqg Mhchine, whlle obgerving all shop
- % P "aafetj meagureg, “get up and make correct gas flow adjustments for welding - '
, luninum pipe joints. “Settings mfust be madé within ﬁhe range ‘of 19 ta 15 .
1 S cibic feel per hour. ; e . :
’ . “‘:T w
) h [ Co vaw'zlv‘mmum and a munun alloy flllnr rods lec‘t tho cqrmct filler rod for
A | wolding aluminua ox aluminum al oy pipe JO Filler ;'od seleod;ed,lgust b° of
N yhe game ‘j,h“mc‘(l o] mpomtlort a.o ’ehe Joz.nt elng weldcd : )
.' ~ 3‘.. D S '
d.. G i fon *nﬂrt g'»s eh.leld:ed arc wplngmg °qvu“menf a.nd. a.lum'num o} alurSnum alloy
. rfpe ‘cpecimens, whilé observing all’ shop safety measures, set up and wnui butt
. Joints in th° fixad vertical posrtion. Joints nust have 100% per'efra,tlon and bg
’ s B . _
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' v CRIT Em'ouecqvts AND TEACHING STEPS (com....,.d)‘ . . <
1 g4 .
o 4
. " free of overlap, underﬂut and surfafe oxidation for the entire length
N of the weld. . )
L Te e. Given'inert rasishieldéd arc wolding equipment and aluminum or aluminum alloy
7 pipe specimens, while oboelying all shop safety measures, set'uﬁ and weld angle
: .Joints in the fixed verticdl position. Joints must have 100 penetration and be
~, . fpe of overlap, underrut,.and surface oxidation' for the entire length of the ¢
weld, - . . .
) ! . .
f. Given inert gas -oluelded ate welding equipment and aluminum or alumnum alloy
- pipr specirenc, while obcerving all shop safety me agur~g, set up and weld tee
joints in the fixed vertical position. Joints must hawc 30 %o 80% penetraklon
. i .and be free of overlap, undercut, and syrface oxidation for the entire length
e. - of the weld. - . .
L b ) -

g. Given inert gas shielded arc welding eqmpm&ﬁ; and aluminum or aluminum alloy
" pipe specimens, whilg obsern.ng all shop safety measurcs, set up and weld butt,
Joints in the fixed horizontal position. Joints must have 100% penetration and
. be froe of overlap, undemut, and surface oxidation for the entlre length of the

.weld. SR . i ,
. h. Given inert gos shieldedl arc welding eqmp"l%nt and alummum o,r aluminum-alloy \
- a pipe specimens, while observing all shop salety measures, set .up and h;eld angle 3
. 7 Jointe in the fixed hotrinontal position., Joint's mfiat have 1 enet,rat.,mn and
be free of overlap, undercut, ‘and surface o:qga’uonofor tha en.tr;'ﬁ l.ength 6f the
Wld - ‘) - “.‘ « v . - -
- N~ e elTe -

_ , Iy A '

i. Given inert gad shielded arc we’ldmg %gipment and aluminum or alummum alloy

~ pipe gpecimeng, while observing i1l shop safety meastyres, -set tp.and weld tee

- ‘joints in the fixed horizental pogition. . Jo-lnts must have 30 to 80% penetration
and be free of overlap, undemut, and surfe.ce oxidation for the entlre length

of the weld. .

*

a . . ta Y s
. Tegching steps are listed in Part II.
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A # INTRODUCTION ~  TDE: '
1, Attention T .- . .
- » w\b g l‘ - - .
. \ ’
L 1A T~ 17
B R i
. 2. Revi‘ew - .
,;i:; Yo ﬁ:
~ - ) R - s
8 3. Overview: 1In tiris lesson you will learn inert gas ghielded arc welding machine
. . set-upy filler rod selection, g‘drrent setting and gas flow
adji§tments for alupinum. pipe welding. :
-, .v:' . - . °
. LA S o=
4. Motivation 2 — ’ .
— ] ‘ ° ~ ‘-
S e e e e - i e e e -
. s = . - -
ﬂ . se *
h - ~ BODY -TIME: .
- . 1Y e
Presentation A . . g
v ‘ ' ' ¢ ' _ o
, 1; Principles and used of TIG Lo .
. . a., Principles L .
« 1 7 e .
(1) 1Inért Gas Rk : : , -
. * . ‘ . -
q ‘(2) Protect weld area * '
< (3) Colorless, oddrless : .
} LY Y ; e . ! .
. . «~ (4) *Nontoxic, nonflammable .
! "b. Source of ‘power ‘ i
-] -DC C © C -
(1) AcC-DC 'Lurrent - . o .
s . (2) Accuratej.'current eontrol '
» : . y -
‘o «.(3) Super imposes high frequency ) .
. + ‘ A " , MW
~z .- (4) Welding current -
& . ' ‘ . . .
. ' (a) DC straight pplarify’
i I * ‘ , ,/ - , - :: I'. )
1 4. N ; : - . v . 4
- : : # U % ,
» : M ‘ : ) -
. d “ap t .. " . a hd . o . x
- .y Q . h S
s b L v -
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(3) Gas 'floy is measured in
) litres per hour or'in
cubic feet per hour

-
~-.

Torch

~

¢1) Types

(a) Air cooled

.

- 2 AC-DC up to 100 amps
(b) Water cooled ) .
1 Higher current ratings
above 100-300 amps

* s

2
. 2 1-2 pints of water through

. the torch per minute

2 3 45 amps fugsf;s'safety

: device to prevent over-
heating in case of water .
stoppage
) .

4 -Water stoppage usually

. residue or dirt,in passage

* Disconnect waterline
revb;se water flow
L 4

» a

(¢) Basic parts of a torch

)

1 Colet ysed to hold

—

~ _ electrode

. 'V'f N
2 Cup.directssgas flow -

'

\J ) . 2,

3 Torch body ®* , '

(d) Electfod

N 1 Commerciall‘yt e F
é \ . i g
N -2 Green tip® .
- L]
s * . e
“ » .
Lk
‘e ) v ' . -
) L
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.
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. YeY. e
. oem —
. - 4 R = 4

A\ (2) ' 6061-T6 *
b. Type Filler Rod =

(1), 4043 5% Siliconod

4. Machine ‘adjustment prior to welding

AC h;.gh §requency
(2) bpcsp straighfﬁ?ﬁe v.:sed
o b. Tungsten ’
" (1) ‘AC-HF use 2% Thoriated
(2)®BCSp - uses pure tungs‘ter;

-

., 5. Weld aluminum pipe vertical

* e a. Direction d:f travel . =
& .
- ﬂ b. Speed of travel

»+ c¢. Heat control ‘.h

-

d. Filler rod deposie :
e. Worch angle . * (‘ -

[N

f. Stop and starting of welds:

» (4

r =

a. Direction of travel * . .-
b, ;Séeed of travel . .o
9 c. tfe:.x: control '
d,. Fdllex rod ‘Zf;pogig‘ -
€. _’l‘c_frch a‘ntgle ) . ?\.
f. Stop and qtétrtinig oR welds
7t ‘safery . -

a. Protective equipmer;t._

6. *Weld aluminum pipe horizoptal position

')

.
-t
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Evaluation: .

-

»~

- o (p‘if ; ' 3 ‘ ,
A .

4 ,

- T

- 1. Check students welds for porosity,

contamination, undercut and overlap.

A}

] CONCLUSION TIME:

e -4
Summary '
' — .
2 ’ - ,
Remotivation
b4 .

Assignment: Prepdre for course exam. .
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7 Study Guides and Workbooks are trammg pubhcatlons authorized mlr Training Command (ATC)
for student use in ATC courses.

s

The STUDY GUIDE (SG) presents the informition you need to complete the unit of instruction or
makes assignments for you to read in other publications which contain the required information,

The WORKBOOK (WB) contains work procedures desxgned to, help you acHieve the/learmng'
objectlvw of the unit of instruction. Knowledge acquired from using the stud)’ gmde will help you perform
the missions or exercises, solve the probler:hs or answer questlons prwented in the workbook .

The STUDY GUIDE AND WORKBOOK (SW) contains both SG and WB material under one cover.

The two training publications may be combined when the WB is not desxgned for you-to write in, or when
both SG and WB are 1ssued for you to keep.

Traiding publrcatlons are designed for ATC use, only. They are updated as necessary for training
purposes, but are NOT to be used on the job as authoritative references in preference to Technical Orders
or other official pubhcatlons .
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: " PRACTICE SHOP SAFETY REQUIREMENTS IN THE )
: 1 PERFORMANCE OF REQUIRED TASKS : ‘
"OBJECTIVES ) L.

After completiné this study guide and your ¢lassroom i:i;ructioh,
you will answer questions concerning’ protective equipment, general
shop safety practices. Safety practices williinclude the use of

2« arc welding machines, grinders, and oxyacetylenme cutting equipment.

, . E
INTRODUCTION :

’ L -

Personal safety and fire prevention are especially important
in metals processing because of the types of equipment which are
used. The bse of gas welding and arc welding equipment involves
working with open flames dnd exposed electrié ares. Weld repair
of fuel lines, if praper precautions are not observed, can expose

' the worker to explosive or toxic gases. We will discuss specific
safety and fire precautions relating to the various items of equipment -
and metals processing operations as we come to them in the courge., '

—_ In-this-study-—guide we—mention briefly general precautions which
must .be observed with regard to shop safety, health, and safety
equipment. .

4

2 . - - .

As a welder, you must be familiar with the correct précedure
for the set-up and operation of both’ stationary and portable oxyacetylene
welding equipment. Air Force shops make extensive use of portable

. weldiﬁg equipment. In shops which have stationary equipment, the
_portable outfit is used for work which cannot be done in the shop.
Basically, the equipment used ‘for each is the same except that the
gases are piped to’ the welding station in a stationary setup, while -
the portable outfit is operated directly from .the cylinders of gases
which are mounted on a cart or truck. Double stage (two gauge) regulatory
must also be used on portable outfits. The welding outfit is your

-most important tool as a welder. You must be familiar with' the °

proper care of the gutfit and be able to maintain each unit of the '
welding setup, . : ‘ ' ) ’
- . * o ' .
INFORMATION ) s ‘ =
SHOR SAFETY " : o

These generdl shop safety %pleg mustnbé,strictly enforced:
L - = - ) R R

. 1, Keep oiiy or greasy rags in covered metal containers. . -

; 2., Wipe up oil or grease spots from the floor and the work
~' . bench immediately. ‘ :

- . *




12

3. Do not weld in tne vicinity of flammable materials,

4, Make certain that a fire extinguisher is near before you"
begin welding. . . .

. © "5, Don't allow hoses or arc welding leads .to clutter the - .
{ ! area and become stumbling hazards. . :
§ . . .
{ .
Y ) .6, Keep all handtools and special tools not in use in :heir ’ '
A ‘ proper,places, - K ks . - }
vf“ v R . - .
o 7. Store metals in*a stock rack. _ '
_ 8. - Keep the shop area clean, well 1lighted, and well ventilated, ~
. ,; ‘
o . . HEALTH ANQ SAFETYQEQUIPMENT

o
4 Y

Observe these health and séfety equipment rules: - ’ ,

-

1. Do not wear ragged cIo{hing, or clothing with open pockets, '
missing buftons, or rolled cuffs. . . t

2., Do not wear low cut shoea.‘

- 3. Wear approved helmets and lenges, gloves, and aprons for o
protection against infrared and ultra-violef rays when arc welding. ‘

4, Warn all persons near electric welding operations against

- looking at’ the arc. . - e
| )
> " 5. | Wear the type of goggles appropriate for the types of ] . .

. welding being performed Wear goggles while you are using a cutting - A

torch. LN - . . ' . .
' . ) . . . - -9
. 6. Wear chipping goggles to ‘protect against flying hot slag
- when you are cleaning welds, =~ B

3
.

. 7. Mark hot metal, Do not_leave hot metal in places where
it will create a hazard, .~ . . s

8. Do not hold hot welded material with rags or gloves which
you use for buffing or grinding.

"9, Cool all'wq'ds‘prior to buffing, grinding, or inspection. -

- 10, When you are electric Velding outside the stationary booth,
.inclose the area with ‘a portable screen to protect personnel from
possible eye damage,
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Equally as important as good housekeeping is an.efficient fire
prevention system. You should carry out all safety precautions that*
pertain to the prevention of fires. -You must. know what to do when
a-fire occurs. Many fireg are caused by carelessness and by poor ,
housekeeping 0ily rags are fire hazards: Poor stqrage practices, - .
" especially of flammable materials, may .cause fires., Overloaded
electrical outlets and defective circuit breakers are also fire T ‘ .
hazards. Here are a few precautions that you should observe, you
can add to the list from your own experiences. . ‘ > L
1, Do not allow oily rags to aocumulate. X ’

- - ‘ 4

2. Observe the signs in the NO SMOKING dreas..’ - .

. FIRE PREVENTION

. .
3. Do not allow your clothings to becomé saturated with fuel
or oil. If they do, change your clothing as soon ag possible. -
"4, Do not store gasoline, kerosene, jet fuel, or any other ’
flammable fuel in open containers. &
- 5, Make sure that the static lines are in place and that
the aircraft is grounded properly before you work on’it.

- 4

" 6. Do not open any oxygen valve near a flame of’a lighted
‘cigarette. . ) g
: . Since fires will occur, no matter how man§ precautions are %

taken, you must be ready to fight them quickly and effectively.
You:should know the telephone number of the base fire department,
the location of the fire extinguishers, and which type of extinguisher

.to use for the type.of fire you are fighting. The telephone of the

base fire dep@rtment 1s usually posted in large letters on posters

inj}he 'shop, in the barracks, and on the flight line. As a rule,

the base te}ephone directory has this number printed in large 1etters

on the co¥er page or.bn one of the fitst pages of the book. If, alarm

boxes are installed on your base), learm where they are and how to

use them. Locate the fire extinguishex in your immediate area, -
determine what type it is, and 1earn how to ude it if the need ever -
arises. —_ -

.
N - .
L v o® LY

WELDING AND CQUITING SAFETY

v ‘

- .
Y

3

-

Because of the potential fire and ex 1o§ion Hazards present
in any welding or flame .cutting operati safety rules must be
followed very clbsely to avoid injury to personnel or d

equipment, ‘ ‘ . e

1. Nopwelding should be done on combustible, materials or
containérs until the containers have been properly flushed and ste

.

. . . .

- LA . fa‘
\




.be carried’ as regular equipment on all portabl

CHE ~ ~ :
P 2. Tanks removed fro* 1ircraft for flushing and steaming .

must be eléctrijzllysgrounded during the operation.
Nl \

3. Weldin _on -aircraft is,fo be done only. in the.case of
emergency and by special permidsidn of an officer or supervisor
charged with the. responsibility for welding and flame cutting operations.
- 4. If welding must bebdo e within 100 feet: of tanks containing
flammable liquids or vapors, n¢ one shall be allowed to work on the ~ .

- tank or remain closer to the tank than the welder,

o

5. A‘fire extinguisher must be in the i ediate vicinity
when welding must be done. One or more-fire ektinguishers should

elding apparatus.

Storage and Handling of Cylinders =

- » K

1, Oxygen and acetylene cylinders should be stored separately
in a cool, wellaventilated, fireproof building.

2. Explosion-proof electrical equipment must be used in cylinder
storage rooms. ? & . *

“
EN g -

3. DNo open flames, grinding tools, or spark-emittingadevices
should be dsed within the storage room. .

4, Smoking or carrying matches must not be allowed in the

storage room. . ‘~§ .
5. Oylinders should be st red in an upright position while
in storage.’ }’ . ) ' .
~ . o .

6. Cylinders%huét not be stored near, combustible material.

7. Cylinders should be ‘handled with more than ordinary caution.
Rough handling may cause leaks that may result in an explosion.

8.‘ Oil and oxygeﬁ under pressure may form a self-explosive
mixture; therefore, no’ oil gases or lubricants of any kind should
be uséd on oxygen cyhin&ers or regulator connections.

20

. Operation and Maintenance of Stat1onary and Portable Oxyacetylene (”,,

Helding Outfits ) .oe s

[

1, Regulators are to be'used-only for the gases for which
they are intended, .

Welders must know the identifying characteristics of both -
nd acetylene regulators,

3. Cylinder valves should be opened slowly, the oxygen valve
should be opened fully, and the. acetylene valve not more than one
and one-half turns.




‘ . 4. The acetylene cgiiﬁder valve wrench must be, left in;pléce‘} -
- on the ﬁcety%gne cylindgr valve so that the acetylene can be shut Lo N
off- quickly. in case of an emergency. . . ) i

¥

. ,"S;f Surplus hose should be coileéd and out of the way of sparks
¥*- ‘and the flame, . ! »
** 6. When a flashback occurs, both torch valves must be shut
. off immediately, the acetylene valve first and then the oxygen valve,
. ‘ , The torch- should then be cooled and inspected before relighting.
7. When a backfire occurs, the tip size should be decreased

or the pressure and volume of gases increasedito overcome the burning
back into the tip chamber, )

. 8. - When a job is compléted, the cylinder’ valves®must be,cloZed; i
e the regulator hose and torch should‘be bled to release the gas pressures; ‘

the regulator adjusting screws should be fully released; and the
torch walve should be closed.. . S

9.,;é§pper tdbing should hot be used to splice acetylene hoses

k X as an explosion could occur (copper, acetylite gas).
s . Q v

10. Ohly commercial bronée,’h:ééé, or -steel fittings should
be used to repair oxyacetylené equipment. '

11. Faulty regulators must not be used and onl§ qﬁalifled
personnel may make repairs on regulqpors. o ”.

12. The acetylene\operating pressure should never exceed 15
1bs per square inch on Oxyacetylene equipment, N

QUESTIONS . . : !
L
1. Where should oily rags be ke;t after uge?

. ' 2.  Prior to buffing or grinding a piece of metal aftey welding,
. what should you do? . .

. 3. How and where are oxygen 'and écetylené cylinders stered?

v . - . -~ i . (

. 4, Who will repair oxyacetylene equipment regulators? |

-~ REFERENCES . coe IR )
» ( -

AFM 127-101, Industrial Safety Accident éfeventioh Handbo&k.'

¢
o . o .
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PIPE WELDING REQUIREMENTS ANdQSPECIFICATIONS .

OBJECTIVES ' ‘ . o

After completing this stddy guide 4nd your classroom instruction,
you will answer a.series of questions on the specifications and - * . -
requirements for pipe welding. 2 ®
INTRODUCTION <. S

.‘Although, welding at first glance sééis to'be'f very simple
process., every bead welded, regardless ofstype of rial o .

of the weld is rigidly controlled. These controls are ca . i ;.
specifications and give the correct dimendions and shape of every 8.~
type of weld. They g0 hang-ih hdnd with® weld requirements, In the - .V
simplest tefms, weld requirements tell you what is needed and the
spécificatidns tell you how to achieve it. T, - .
L ) . . . ¢ . A
INFORMATION y ° . ’ ° o e

N 5 -

. : °, ’

- A welded pipe section 1s known to be the most efficient for .
application where handling of oil, gases, water, and other substances °°
range from high vacuum to pressures of several thousand pounds per
square inch. ' Mechanical joints are not satisfactory foé;many of
these services. Electric arc welding provides effective joints
in these services and also reduces weight, increases the strength,
and :lowers the cost on pipe maintenance and installatien. )

. SPECIFICATIONS

Welding current?\electzode,size, mean voltage, and manner of .
depositing the weld metal shall be such that there will be no undercutting'\ﬁ
on the sidewalls of' the welding groove or adjoining base metal.
Each bead or layer of deposited weld metal shall be uniform, and

* shall blend smoothly and gradeally with the base metal. 'Cracks

or defects that appear in any bead or layer of weld deposit shall

be removed before depositing the next successive bead ot, layer of

weld metal in that location.‘ C - {
Root weld deposits shafl have full penetration for the full

lengfh of' the joint, and shall be started midway between tacks;-

subsequent passes shall be started 1/4 to 1/2 inch on the preceding

pass. After every, interruption of- the arc, except at the completion

of a pass, the arc shall be restarted ahead of.the Previous deposit -

and then-moved back to fill- the crater. This technique will ensure .,

complete~filling of the crater; complete Fusion betwten the new ' ' ' . ¥
and old deposits arid the base metal at the point of jynction; and ,
complete resultant continuity of weld. :Unfilled arc craters in ..

weld deposits are not permifted, and will




L . . 'y
.~
. » .
2 - .

over previously deposited metal all traces of oxides, slag, and
foreign material shall be temoved from the weld deposit, and the
weld deposit and adjoining base metal shall be wire brushed until
. thoroughly clean at all points. ‘This shall apply not %nly to successive
. layers, but also to successive beads and to the overlapping area
wherever a junction is madeswhen starting a new bead or layer. All
. ., ma erials must be bright and clean throughout the welding operationm.

W

-

Butt we1ds S .
- 3 ~
{ - Butt welds shall have one pass for each 1/8 inch of pipe wall .

thickness. Butt welds and saddle 'welds shall be flush with the '

inside of the pipe. 1In cases where grinding is not possible, butt

welds shall have a finished bead' width approximately 1/16 inch on

each side of the bevel., Under no canditions are wide beads to be\

« used to cover poor fitup. "o ’

-" . N
Reinforcement P . : :

. v ‘ - N
N . Reinforcement of butt welds shall be not less than 1/16 inch,
nor more than 3/32 inch above the surfaee of the base metal. Reinforcement
shall be built up uniformly from the surface of the base material, ) ,
to a maximum at the center of the weld; and shall blend "smoothly .
and gradually with the base material at the weld - ‘edges. Finished
weld contours shall be imiform and free from depressions lower than
the surface of the base metal. ’
-., Inspection _
' » i * . J -
.Appearance of completed welds shall be ‘reasonably smooth and
uniform. They will be free from surfaced defects. All slags,.weld ¢
spatter, and foreign material shall be removed from the surface K
of weld deposits and adjoining base metal. Completed fabrication
shall have a bright, clean, surface. -
= . . R . N
Welds which require radiographic examination shall have the
. outgide and ingide weld ripples or surface irregularities removed
= { ., +where possible. .This will be done by any suitable mechan%fal process.
Removal of irregularities shall be such that the resulting radiographic
contrast from any remaining irregularities cannot mask or be confused
with that of any objectiodnable defects. -

. -
*

Requirements
¢ 4
The welded joint, in order to meet the requirements, must be
. of sound quality. In the case of a joint that is to ‘e X-rayed,
it is considered to be sound only if there is no evidence of inclusion,
blow holes, burn through., ctacks, porosity, or undercutting. X- ' ’
ray of a welded joint is not the only method of fésting a weld,
you can also, use a tensile test. The ‘tensile test requires that
a joint be‘considered satisfactory if the failure occurs in the
base metal and not the- joint. The weld can break next to the welded

D . , . s a

10 \

<
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SPECIAL PIPELINE WELDING REPAIR APPLICATIONS
OBJECTIVES . )

After completing this study guide and your classroom instruction‘
you will answer a series of questions concerning pipeline weldihg
preparation procedures, operator qualifications, and welding techniques
for speciaI pipeline welding repair applications , .

-
INTRODUCTION . 2

- [

.. Each of us appreciate a pat on the back for a job well dong.

. The only way to do the job,is the proper préeparation of the joint;

- pipe gives excellent results. The high pressure pipe lines use”~ -

- INFORMATION 3 ) _ :

_being qualified to complete the joint and to apply’the proper techniques

“while doing the joint. This is the key to a job well done.

The objective of thifs lesgpn is to provide personnel who ' possess
‘an AFSC 53250 or higher with the latest technical information on -
welding requirements. These requirements are specified by AFR 66~ L
25, "Qualification of Weldors," and Military Specification MIL~B~

5021D, "Aircraft and Missile Weldlng Operator's Qualification."

Pad
Subject material includes the welding of carbon steel, stainless

. steel, and aluminum alloy 'pipe in the fixed position; and inspection

of weld repairs and safety requirements. y

PIPELINE REPAIR

Practically all metals can be welded successfully.' Some of
the metals require special welding applications in order to successfully
join them. The welding of pipe joints is a popular medns of making
a pipe instalfation. Thé advantages of pipe weldjing is neatness,

, compactness, rigidity, and low cost. Arc welding-can be satis-

facterily ‘done on pipe, but the welder must be adapt.in flat, hori- .
zqhtal vertical, and overhead welding techniques. Skill in the

various pdsition welding techniques is, required because of the many
positions involved in pipe installdations. Inert gas welding of

this method of welding to ensure sound welds. -

* . . .
- All tmetals cannot be,welded without the usé of special materials.
and supplementary operations, in that some.metals, more than -others,
are susceptible to alteration caused by heat generated during the
welding process. The application of heat produces a variety of
structural, 'thermal, and mechanical effects on the metal being welded,

~

* “and on any metal which may be added in making the weld. Technique

of application and base metal as well as filler metal characteristics
dre prerequisites for producing a weld that is metallprgically equal
to the. service for which it is intended

‘f cl R 13 ' ‘
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Alignment Lo R & o

‘maintained by predetermined alYowances for contraction of the weld,

NELQI NG CONTROL

>~
To obtain satisfactory results during welding, it is necessary’ _ . f
to examine the factors..affecting the deposition of sound weld metal, 3t

The following factors will govern quality. ' -

1. Cutting.and edge preparation. N )

¢

2. ‘'Cleaning. . .
\ * - S - .
3. Fitting up and tack welding. . ) ’ )

4

General requirements. : T . .

5. .Angle of electrode, 1 .

' C L o
6. Welding current. A . )
7. Travel speed. ‘ ' . . C l ' C
8. Preheating. . - oo
-. 9. Peening. . " . . ~ . °t o
s . “ . ‘-w . s £ § ‘- ..
10. Conformance to welding procedure specifications. N ] e
e PREPARATION PROCEDURES : ' : . :
. . N . - ~ . . ] . .
Cleaning s . . . .. ' . &
.. < - & e .

The welding faces and the adjoining pipe surfaces .should ‘be o
- —¢——ecleaned-back-at the welding groove. All rust, < . ’_
paint, scale, oil, or grease should be removed by either a chemical TN ;

or- mechanical methodl It ﬁgddifficult if not. impossible, to secure - >
penetration and fusion to the base metal and .a sound weld- depositr T -

unless yoft have a clean surface. , . , . .. ~

© . o L. s L

Before welding, the pipe must be carefully lined up. If the ) .

two pieces to be joined have the same intermsl diameter backing B

rings may be‘used to bring the bore of the two pieces into alignment, | ",

regardless of wall thickness, When backing nings are npt used; - .
the two pipes or-fitting ends‘are often’ secured in a fixed position .

by means of an externmal clamp, or by, positioning in a channel*or .

ction of angle. iron large emotgh to. permit the end§ to.fall into : . .

proper line, as shown in figure 1. Where the pipes meet at an angle, ) .

a suitable jib may be ‘constructed if a number of such joints-warrant ' )
its construction, Proper alignmeﬁt for angular members can be closely L -

along with proper welding P edures, thus elimingfing. the neéd : . g SN
for a jig. . .t

M N . ’ -
.o .



T LT TACX WELD ' ANGLE IRON ’ ,
- ) —

> SUPPORT 8LOCK . .

'Figuré 1\~ Angle Ivon Serving'as Jig Fop
~ Small ‘Diameter Pipe. , ) .

.

) \
v //Jacking . . . ,

) . After the joint fs aligned, tack weld at regular intervals
S ) * prior to actual we{ding. This maintains- the joint alignment and: o
6 - . permits you to remove any external fastenings which have been used
" 77~ 7 for this-purpose and which would interfere with the complete welding
of the joint. Tack welding also permits you to handle the pipe )
after settingsup and before—welding. As a rule, the length of the
tack welds in arc welding should be two to.three times the thickness
of the parts jbined. Tack welds should be thoroughly fused into
-~ the main weld. oy -

. * o .

WELDING TEGHNIQUES
. Pipe'welding involves no new principles of “welding., The main
difference is that the position of the work or.the welder must be R
censtantly changed due to the circular form of the pipe.
.Q'\‘ .

. There is no définite direction for welding pipé in a fixed
position., The preferred direction is usually from the bottom upward,

However, considerable welding; especially of thin-or-medium wall
thickness pipe, is done in the opposite direction. Ordinarily,
. more metal per layer is depgsited in welding upward, and the requirement
. of having the layers thin enough to undergo complete grain refinement *
must.be watched, On the other hand, downward welding requires a ~-.
higher degree af skill ‘to secure adequate fusion with the side walls

.. - and to avoid trappi#g the slag.
‘ . The number of passes required in making a pipe weld v&?ies
L ' with the wall thickness of the pipe and the position of the pipe
a ’ . when it is welded. When the work can be rolled or when the pipe ,

is in a fixed horizontal position, a layer of metal is deposited
dcross the full width of the welding groove.during each pass. With

. the pipe in a fixed vertical positjon, the metal is deposited in . <
) a series of stringer beads. Regardless of the position of the pipe,
6 there is usually one layer or pass )r each 1/8 inch of_wall thickness,

1 Eath layer‘of.weld metal-should be thoroughly cleaned before
depositing the next layer: Chip with a sldg hammer and clean with
a wire brush to remove all the slag depdsits, v -

* .
. - .
’

+15

En -




<S»lelcf'Rep_air‘ T

K When a, weld is to be repaired, the defect 'should be removed

by ¢hipping, machianing, flame gouging, or flame cutting. After
removing the defect, clean and shapé the repatir area so thagt a sound-
weld deposits can be obtained. g

-
A -
h .

¢+ Procedure Co N SN e

. 1. Cut two pieces of pipe t&# the required length. "

2, Clean and bevel the joint ends, as showt i;i/figur_e 2,
\ -

4 . “© «

A .- . F@gug‘e 2.

RN

Butt Weld in Pipe, 4

.o
' - .

[ 3. *, Set up work in v blocks or ‘at an angle and tack weld at ,
" four equally spaced points. . . ., -

¢ 9 -
- 3 ¢
-

: 4, Using one, hand' to turnft‘he work), weld the first pass using
a 1/8 inch diameter electrode -

¢

v !
’ ”’( ."5" Chip off thé’ slag and inspect the weld for penetration

IS

and fusion. . . '
o 6 ‘Weld the second pass in the same manner‘ using a 3/32
* ingh electrode - [ . <

o . .

S+ % 7. Gheck the weld jonts for weld<g~ faultss . ,

. . . . .,

's
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QUESTIONS ..~ B

. v
. .

- {
.
. h ‘
. ' ¢ -
.

List three Q;eparéfiqn procedurés, -

What direction of travel is usuél;y ﬁreﬁgrred wHen:weliing

/
L4
o * 3. What is done -to-prepare)defective welds for rewelding? :
. N , ‘ [N *
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‘ ‘ . ¥ 7. LAYOUT AND FIT-UP OF VARIOUS TYPES OF PIPE JOINTS = - - |
\ R oaaecuvés R S L. |

.
\ Y
-, 4 ‘.

. ’:‘ oo After completing this-Study guide assigned study, and your - * o
: v classroom instruction, you will lay.out and properly fitup various

-

™

“

4

* types of pipe joimts. - - . N .

. " ,"i~ . .

* - - ‘ é.‘ - ’
INTRODUCTION N ; »
Pipe welding is like working a iigsaw puzZle. Although you
have a picture of the finished product in front of you, you still °
have ‘to put the pieces together. Wdthout learning the proper procedure
for laying out and fitting up of various pipe joints, you may never
get your ''pipe puzzle" together. ?i.

A Y

INFORMATION . : S

o a -t

o o - ©

The materials necessary for making patterns consist of a straight

, edge, triangle, compass, rule, piece of heavy paper, and a pencil.

In preparing to lay out a pattern for a 90 degree- bend, as shown
in figure 3, first determine thewvsize of the pipe, then proceed
to lay out the pipe joint in actual size. ' Use the outside lines
of the pipe to repregent the outside diameter, as shown in figure:

.3, step 1. Next, inscribe a circle’ and divide it into 12 equal

parts, numbering them beginning with zero (step one). Extend these .

. points over the line AA and number the intersections so*that they » '
correspond with the points of the circle, as shown in figure 3,

steps one and two. Draw the lire BB at a right angle to the diameter, '
starting it exactly three inches from the right corner. This admpletes
the pneliminary Aetails prior to making the actual pattern. /

Now, Proceed:to lay off line CC, which represents the circumference
of the circle as shown' in figure 3, steb 3. Divide this line into
as many equal parts as the circle was divided into, and number them,
beginning at the lé&ft with zero. At each division draw a line
at a ht angle to CC. Now, starting at 0, lay off the veytical .
line & gth equal to B-0; on line 1, B~1; and so on until B-12-
ig lai f, which is equal to B-0. Now join the extremities of
these ;ines and the result should be the curve AA, which corresponds

°

to the line A'A', as shown step 3. The pattern is now cut out \
by cutting along the edges'

-
i

) ”, ) . v

f y; A'A', A'C,rand CC. , .




- : Laying Out a Pattern for ‘ - Layd
. b aying Out a Pattern for
. 'a4_90° Bend (Firet Step) @ 909 Bend (Second Step). *

. s . "y

x/_-\

“ g -
’ —
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p . \
, . .
.

;& v - - \
-~ h ‘ \X
” . ’
« ; N~ 2
- c - - s » — ,_,:,_____,_____ — - — o=
- b R 3 4 ) 3 7 8 - 9 TR 12
a T " LINE CC REPRESENTS CIRCUMFERENCE OF CIRCLE _ ° )
v * )
. Figure 3. Pattern for 90° Bend.

i
The pattern is then wrapped around the pipe, Holding it in
position with one hand and. marking an outline on the pipe with soapstone
- following the line A'A'. This 'is the cutting edge. Cutting the
' two pieces of pipe on the line A'A’ and butting- them together-results {
* 1in a 90 degree bend which should require no trimming other than

beveling of the edges.

-

c .

The procedure as outlined above, can be applied to any sort
of -a pipe "joint., If a pattern ‘for a tee is to be midde, the joint .
is,laid out as inm figure 4, The pattern is to ‘be wrapped around °
the outlet of the tee so the- circle is inscribed in the outlet and

not in the run )
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L . Figuae 4. Laying Out-the Pattern for a Tee. '
= K . The difference between this pattern and th; previous patterf” ' ‘
' for the .ell is that the cutting line AA is half a circle instead
of a straight line. After the outlet is cut alorg the edge A'A' )
on the pattern, it is placed in position on ,the run'and thk outline = . o
g marked and cut, the outlet serving as a pattern to cut the opening
' . in the run. This procedure may also be used in laying out patterns
o oo for g pipe elbow, as,shown in figure 5, .
~ | - -4. - r
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Figure 5. Layout of Welded Angle Joint\pf Heavy Fipe Constmiction.
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o . 1. What materials.are nEcessa;y to prepare a pattern for
) . eutting pipe? ' - ‘ ‘

!
N +

.. - I3
2. What 1s the difference between a pattern for an ell -and
. atee joint? | . ) ‘ ! ‘ _ '
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.' . CMETALLIC ARC WELDING MACHINE =~ -~ = ‘
OBJECTIVES =~ ~ [’ : v S o

+

. .

After completing this stidy guide, assigned study, and your
classroom instruction, you will set up the arc welding machines , - ¢
and ‘'select the proper electrodes for welding carbon steel pipe in .
the vertical, 'horizontal and overhead ‘Rosition. :

,"INTRODUCTION L j : . [ B
. a . ‘e

The electric current used for metallic arc welding is Supplied N
by a machine that converts line voltage of 110, 220, or 440 volts
to a 1lo® voltage, high amperage current.. The heat is Senerate?
in the space between the end of a consumable electrodg,Ahd’the

base ;
metal by the @urrent jumpin ‘

this space and creating an electric B
¢. The.température of gKis arc_varies from 5000 degrees to 10,000 _ |
degrees. Since you must” knoy what congtrols thisfarc and why it

needs ed, you ‘should become thoroughly familiar with

the operg;_pn and maintenance of the various types of arc welding

. machines. *
INFORMATION /J‘L ’ S

The functign of an electricpearc welding machine is to”grovide o
‘the source of cjrrent necegsary for wéﬁding It also provides a

- medns for suizaining and controlling thé amount of welding current.

These furctions are achieved in many sfays, representing numerous

desfgn featufes of the manufacturer. Although “arc welding machines

.pay be classified in various ways, you should be‘mainly interested

in' the type of current flow induced by the arc. They may be broadly
" classified as)either‘ﬂirect current (DC) or -alternating current . !

(AC) In recentdyears,-howegerﬁielectronicfandfseleniumfplate rectifiérs .

have been developed which operate on AC and produce a DC welding : :
, current. oo ! . ‘ )

" DIRECY CURRENT AﬁC}WELDING MACHINES . ‘ ) !
DC arc welding machines are suitable for use on all mefals’,
TheY ushally produce more sat sfactory results for welding thin
materials’ .because loy current settings are required. The type of
. machine best suited fér metallic arc welding depends upon many factors. °
The main difference between AC and DC arc welding is in the lower .
initial and operating costs of AC equipment.

Yo

Electric Motor~Dr1ven Generator ’ ', ‘

The most widely used welding machines are of the motor generator
type, which operate by electric power to produc€ direct current , r
of the proper characterisftics for arc welding. They consist of .

a driving motor and a direct current generator with the armatire {

-

.
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-the machine is made as compact‘as possible. Two controls for the .

- 6r diesel engine is used to drive the Welding geperator. The engine

¥

“ . - N 51

§ T : . R
of the generator mounted on "the same shaft as -the rotor of the driving ,
motor. The shaft is supported at each end by ball bearings and , ’

welding current are provided: one for large increases or decreases, S
ahd the other for small changes. Some machines provide a switch -

for charging polari;y, others require changing the position of the

welding cable leads. A pushbutton switch, 1dcated on the control

panel, alldws convenient starting and stopping of the dachine and &

overload protection for the driving-motor. A voltmeter and ammeter
permit you to set the machine to the correct current output. Most
of these machines are tmounted on &4 chassis so that you can move
them around. the shop. They can be mounted either vertically or ;
horizontally, Motor-driven generator welder§ are rated by current R
output in amperes and range from 100 to 1200 amperes,, A 300 amp \

welder is the average size uskd -in most Aiy Force welding shops. . -

These current ratings represent the amount of current which the

machine can generate continidously for one hour without excgeding

a specific temperature rise. They can deliver more than the rated

current for a short period witho%S damage to the.machine. .

N

Engine-Driven Generator * . ‘ o »
When an electricpower.sourge is not available, a gasoline ”

is equipped with automatic throttle control and -a governot to control
the power demand on the generator. The complete unit, figure 6, - . N
is usually mdunted on a trailer type chassis- and can be towed np '
the job site. . . -

-

LI
N

Figure 6, Portable Gasoline~Engine Driven Are Welder,

The voltage of stch a.generator usually ranges from 15 to 45 - ,
volts across the arc, although any setitigk is*subjeEEed.to constant
variation due.to changes in the arc length. Current output may )
vary. from 20 to 800 amps, depending on the type of unit.' In most ) e
DC welders, the generator is a variable voltage -type ind -is arranged - ~ o

so that the voltage automatically adjusts itself to the prope¢r demands .

4
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- of the 'arc. The amperage is adjusted manually and is set gc,/the "
proper range by either a selector switch or a series of plug receptacles, /
When both voltage and amperage of .the welder are adjustable by manual o
controls, the machine is classified as a dual cggérol type, figure 7,

3
, VOLT-AMPMETER -

“ VOLTAGE RHEOSTAT
STARTING SWITCH
CURRENT SELECTOR

- ©  Figure 7, DC, Motor Generator Arc P/elcfing Machine,

Rectifier Welder . s
- The rectifier weldér c¢hanges’ alternating current to direct
current for welding. Electronic tubes or selenium plates are used
to change or rectify three phase alternating current to direct current.
There are controls to change the welding current, open circuit voltage,

and change polarity, The current -output *of these machines allows

a stable arc to be, held at ady sétting from 5 to 75 amps. This
allows ydu to weld metals as thick as 1/16 inch as easily as welding
materials 1/4 inch thick. ,

L ALTERNATING CURRENT ARC WELDING MACHINES'

. -

-

Two general types of AC arc.welders are the transformer and
rotating types. Most AC arc welding machineg are essertially static
transformers., The transformer offers’ three advantages: low initial
cost, low operating cost, and low maintenance cost, Due to the

absence of moving parts, tpé initial and maintenance costs are less 4
than thosé for DC machines. = : .
,Transformer Type S . . .

-

The transformer type of AC welding machine operates ,from one"
phase of the power supply. The primary winding is connected -
. 25
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to the power line and the secondary winding is connected to the
welding cables., Some machines have the trahsformet windings tapped

’ at intervals to allow you to make changes in the welding current.
By using the different taps, you .can increase or decrease the current
to suit-your needs. Other machines have a movable coil or core

" which is controlled by a hand’ wheel Current settings are made

by either turning the hand wheel clockwise or counterclockwise to
raise or lower thé current setting. These machines are ra;ed by
current output and are available in a wide range of current settings.
Since these transformers draw.current only during the time, the weld
" is being run, they give remarkable economy in power consumption.
They are easy to adjust to the Yequired current settings and require
very little maintenance, . L

)
Rotating Type g . P o //

The rotating type of welding machine is a motaor generator andj
may be combined with a frequency changer to allow the welding machine
* to be converted to heli-arc operations, or'a phase changer to supply
‘ auxiliary power for tools or lights. A two position switch permits
you to select either a high or low current. An auxiliary control
is used for fine durrent adjustments. . T

ARY

Accessories

Arc weldin% machines require certain accessories to make a complete
weiding set, r .

, - WELDING CABLES. Welding cables are rubber-covered, mulktistrand,
copper cables made specificajly fo
you may use depends on the- welding current and the distdnce
from the machine to the work: For distances up to 50 feet, a 200

» ~

.

°have al Vg‘ 0 cable and a 00 ampere machine should havé a Vo 00
¢able. i A 4

. . . v
\/\L . ELECTRODE HOLDER. The electrode holder is attached ‘to one .,
of the welding cables, and has a clamping device #or holding the
eliectrode. Various sizes/are available according -té the amperage’
capacity of the welding machine. L .

™ =MAINTENANCE OF ARC WELDING MACHINES ) o LN

“Due to the amount of dust ‘and grit present.in all welding shops,
proper maintenance of equipment is very important. Although you .
can perform routine maintenance, you should have a qualified electrician
perform any extensive repair or adjustment. The following periodic
maintenance schedule should help you to prevent.a major breakdown
¢ N and prolong the life of the equipment., You can find detailed instructions
' pertaining to the operation, maintenance, overhaul, and the parts
" catalog for specific types of.arc welding machines in the 34W4 series
TO entitled "Welding Machines and Related Equipment." An inspection
- record noting all maintenance performed and dates should be kept

for each machine.

*
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Monthly Cleaning and Inspection
Y ~ ‘

" Adr is drawn into the machine 'by the cooling fan and circulated
through passages and around the-windings.” An accumulation of dust
in_thése areas will. cause increased operating temperatures,' Clean
out the machine with dry, compressed air, as shown in figure 8.

If. the hachine is. greasy, it should be taken apart and thoroughly
cleaned. . v '

» [

N * 51:0W: OUT ALL DUST FROM*THE'INSIDE - .

. OF THE. MACHINE AND: CONTROL. CABINET
tTH: CLEAN. DRY. COMPRESSED-AIR. - ..

-~ .- . . PR ,

“FPigure 8. Cleaning by Comgressed Air.

L4 . T

-

Electrical Parts. o

P

.
i : ¢

N ~

N .
During the monthly inspection, check the condition of the switch
points, brushes, tommutator, and the bearingg, as shown in figure
9.‘;Brushqs that have worn enough to reduce their spring tension
appreciably _Bhould’b‘e replaced. Brush springs that have been weakened
fron‘l_A overheating' should be ¥eplaced to assure positive brush contact.

~a

- f - Ny
' o eh - . ‘ '\

y * THE BRUSHES: AND: COMMUTATOR: REQUIRE
. . R - FREQUENT INSPECTIUN: AND: SERVICING. TO
) ¥  MAINTAIN GOOD: PERFORMANCE OFF .
o . THE MACHINE 22"~ - -

CA- . Ty o -
- .

. . Figure 9, Brushes and Commutator. .
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_ commutator should be removed by turning i down’on a lathe. /

‘755 E&ch time the brushes are}replaced the commutator should be

checked for clearliness and wear. & commilaton -n good condition

has a deep bronze color. Ridges or pockets on the surface of the
Electrical switch cbntacts should be ganded smootb if th

are pitted; as shown in figure 10. Badly buried contacts shogzd

be replaced. The windings of the generator and motor should

inspected ‘once a year and given a’ coat of shellac if they are dry

or cracked.

~~

Figure 10. Contact Points.

0y
' » -, s .
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Lubrication . : ' ., .

. Welding machines that have mouing parts should be lubricated
at 4-6 month interva!s, dependlng apon the number of operating hours.
The more you use the’ welder, the shorter the time between lubrications
should be. Be sure you don't usé teg,much grease. The excess grease
could be thrown on "the commutator of‘windings, cauging deterioration
of the insulation and a possible short circuit. Use the grease
specified by the manufacturer,on the data place or in the Military
Specifications. . . ., . .

.

FUNDAMENTALS OF ELECTRLCITY IN ARC NELDING

.

.

There are some basic electrical facts which you should know
to help you, understand the purpose and use of electricity in arc
welding. , .

Circuit | -,
An electric «current cannot flow without a complete conduct-
ing path. This path is called a circuit. "In arc welding, this
circuit is made up of the welding leads, electrodg, and the arc
stream, as shown in figure 1l.
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"~ and the molten pool, preventing air from reaching these hot points.

. ( -
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’ 4 .
Figure 11. Simplified Diagram of Electric Az'sc Welding Cireuwit, *
"~ . ) L *

Voltage . o o RN

Electricity needs a push to move Ehrough the circuit. This .0
push- is -supplied by the electromotive force whicK is commonly known Lo
as voltage. The voltage is created by an imbalance of electricity.
This imbalance 4s created when the welding generator builds up an:
electrical charge greater than the resistance in the leads. The'’
voltage then forces the electric current through the welding lead
and electxode, As the current reaches the end of the electrode,
She voltage-builds up until, like lightning, it has the necessary
push to-.force the current across the arc gap. The current, passing
across the arc gap releases energy in the form of heat, causing
the molten pool to form almost immediately.

)

Ampere :

In ordet to control the amount of e¥éctricity in any’given
_circuit, it needs to be measured. The unit ‘of measurement is called
an ampere. The ampere tells the amount of electricity flowing per X'
.- second past a given point. . T "§;

‘ '
. .. .

Ohm. [N , - ) d,\ ~ r” 4 ' :
The amount of current flowing in the circuit is determined --. ’

by the amodnt of resistance in the circuit. The resistance is known

as an ohm., The ohm measuyres the resistance to current flow. Each R

metal has its own-re‘}¢$gnce. In welding, you need leads made from

a metal which has a ldwﬁﬁg,sistancel Since copper is one of the

best conduqtors, it 4is’ Wéed in all electrical appliances, generators,

lines, and welding leads. Steel has a much- higher resistance and

would become too hot for welding purposes bther than its use as

an electro e. . , . ,

" Arc Length o : . ' )

In metallic arc welding, the proper length of Jarc is necessary
to make good welds. With the proper arc length, e heat is@concentrated
on the work., With a long arc, much of “the heat i3 lost by radiation
+to thé.atmosphere, .A short arc is more stable than a long arc,
giving you more control of the molten pool. With a short are, vapors
from the burning electrode coating surround the electrode metal
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’ ea fs’ _ARC WELDING PRINCIPLES ’
) ] ; N . , -
When a circuit carryjng a current is ‘broken, the current continues
to flow across thg gap until the spacg becomes too wide. In bridging
this gap, the®current, is carried by superheated gases from the heated
~ - atmosphere and ﬁarqicles-gf metal from the terminals. This causes |
an intensely bright light ‘which is called an electric’arc. Sinte
- the resistance is very high in the arc, a great deal of electrical
" energy is converted imto heat, Both in the arc and at the points
/’ at which it enters and leaves. the terminals.” The proper arc length -
’ causes metal expoged to it to melt almost instantly. Figure 12
shows the characteristils of the electric afcag ) -

-
+

* ELECTRODE CORE ‘Wllt
. .

SHODED O HEAVY COATING,

" : goma ATNOSPHENE L
% » S
~ ’ . PROJECTING SHEATH OR /"/4

Pigure 12, Arc Characteristics of Heavy-Coated Electrode.

Polarity
r) \
Every electrical circuit has a positive and negative terminal
or pole, In a.DC circuit,’the ‘current ‘flows in one direction only,
The line that carries current, from the supply is called the positive

SN side, and the line that returns the current tdthe supply is called
. the negative side. ") ) '
. - In straight polarity, the work is connected\to the;ﬁgsiﬁive .

side and the electrode-is connected to the negative side. In reverse
.polarity, the work is connected to the negative\Btde and the electrode
is connected to the positive side. Ffgure 13 illustrates-current

flow in straight apd reverse polarity DC welding. 1' T

.
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A. Straight Polarity.® & B. Reverse Polarity. \

, Figure 13, .Polarity of Welding Cireuits.

. A .7

When you{are using .AC welding machines, you have no polarity’ t
choice. Alternating current changes its-direction of flow twice
each cycle. Because of this, you cannot: use AC machinesg for all -
types of welding. AC welding does have one advantage over DC welding; '
the ghanging polarity in AC reduces or eliminates "arc blow." '

Weld Metal Disposition . ,

~ k " * b d M . ’

f/,-‘-'In all metallic arc welding’ffocesses, five separate and distinct A
orces are responsible for the transfer of molten filler metal and - T
slag to' the base metal. -+ _ . ' '

GRAVITY, This is the prinéiple which accounts for the transfer
of molten metal in the flat position. In the other welding positions,
gravity may cause a loss:of weld metal and slag because surface
tengion cannot retain large amounts of molten metal- and slag in

.the weld'crater, Im these cases, a smaller electrode with lower

current settings should be used,

’

‘condugtor and, since the molten metal globu}e is also an electrical

3
-

GAS EXPANSION. A gas 1is -produced by the burning of the electrode
coating. This gas expands from the heay at the "electrode tip‘and R . .

" helps to project the molten globules of metal and slag away from . )
" the electrode tip and into the molten pool. The electrode coating,. <.

which extends beyord the tip of the electrode, controls thé direction
of gas expansion and directs the molten metal into the molten pool,

“ELECTROMAGNETIC FOHRCES. The electrode tip acts aé an electrieﬁl

tonductor, it is affected by the magnetic forces acting at 90 degrees .
to the direction of current flow., These forces produce a pinching
effect on the metal globul€™and: speeds the separgtion from the end , ;
of the electrode, This ig particularly helpful i&,{ransferring
the metal .in the horizontal, vertical, and overhead positions.
ELECTRIC FORCES. The force produced by the voltage across ) -
the arc pulls the pinched off globule of metal into the molten ‘pool,
regardless bf the welding position. .+ '
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Magnetic Arc Blow

SURFACE TENSION. Surface tendion 1s the force wﬁiéh keeps
the filler metal and slag in contact with the molten. base metal

in the arc crater. It helps to retain the molten metal in the horizontal,

vertical, and overhead positions. It i§ also a detgrmining factor
in the shape of the weld contour.: e

° r .
A
_a
'

- VT
-}

. A phenomenon of DC arc weldding is the tendency q?,the arc¢ to
waver as if a blast of air were being blown against i This trouble
is often encountered in the welding of corners .and at. the start ‘
and ‘end of butt joints. The axc is forcibly moved by a magnetic
field set up in the work byxthe flow of the welding current. The
direction and amount of bending of the arc depends upon the direction
and strength of the magnetic field. -In order to eliminate or minimize
this interference, change the position-of the ground in relation
to the arc, or chlange the angle of the electrode. “Although these
two methods are not the only'way to eliminate arc blow, they do
work more often than any other method. As you become more proficient

"in welding, you may find angthen method which works better for you.

' SAFETY" ' .
Eyes -~ ' : .
yes. . | | .

The helmet s the most important item of personal equipment.
When it is fitted with the proper. lens, it protects you from three
types of radiation: heat, light, and infrared and ultraviolet rays.
Since-these light rays can be harmful.to other people in the area,
you should always use screens or shields around your work area.

If you have to weld in an open area, keep all unrfecessary personnel
ayay and befsure ‘that ‘your helper has a helmet and uses it. Lens
shades are determined by the amperage used in welding. Normally,

a No. 10 shade is satisfactory up to 200 amps. From 200 tbo 400 ,
amps,'a No. 12 shade is used. For over 400 ‘amps, use a No. 14 shade.

N

£ ' : r

o »”

Clothing ~

Wear gauntlet type‘ieather El8ves to protect your hands from
heat and sparks. Use a leather apron to protect your clothing from

" gparks ‘and globules of molten metal. Wear high* top shoes and trousers

with no cuffs. Cuffs can collect hot spdrks and molten metal which

may ignite your clothing, resulting in serious burns. Never wear
torn or ragged clothing. It can catch fire easier and exposed parts
of the body may be painfully burned. . .

¥ 4

Electric Shock

.

N 1
When you work in wet places, be very careful when you change
electrodes, stand on a dry board or some other type of insulating
matgrial. Be sure that the machine is grounded: . ’

a
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SELECTION OF CURRENT AND ELECTRODE

. , The seléction of the proper Gélding'burrent and voltage depends
upon thé& size of the elgctrode, the thickness of the metal being
welded, the position of the weld, and the experience and gkill of
‘the welder. Since several factors may affect.the current settings,
information published by welding machine manufacturers should only
be used as a guide. ) B o ’

s
LK
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One of 'the difficulties you wmay have in learning to strike

an arc is having ‘the electrode freeze t8§ the work. You can overcome

this by moving the electrode’across the wo¥R® as .if you were striking
a match, as shown in figure 14,

SN THE ARG IS STRUCK JUST AS
SOMBIRN YOU WOULD STRIKE A MATCH_f

. . - P \ . .. ’
- . A \ S .. s ew
o .. . Vi ' .- H
) - L4 X SN\ Ad
A\

I A

2

Figure 14, Procedure for Striking the Are. -

After you have established the arc, hold a long arc momentari%y

to preheat the base metal, then shérten it to the proper .length

and continue the weld. The proper 'arc length is approximately the
same as the electrode diameter and has a characteristic-hissigg

and crackling sound, If the arc is too shoft, it sputters, goes

out intermittently, and the electrode sticks®to the work. An arc
that is too long causes spattering, loss of.puddle control, and

poor penetration, . .

’
. ‘EXAMPLg(ﬂ? PROCEDYRE FOR PRACTICE

L3

1. Clean the surface of the metal to be welded.

¢ . ) -~
2. 'Uncoil the weld ng cables, placing the ground plate on
the welding table and eleftrode holdeér in its receptacle,

-

3. Plug in the power cable and start the machine.

1

(/ 4, Grip the electrade #n the holder near the end.

> . ’ ‘

5. Pick 6ut a definite spot ,on the plate, lowg; the helmet,‘ .
and strike the gare. ) .

-
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- Hold a leng arc momentarily,_then shorten it to the proper

- length .
n T b 1 ¢ . .
N 7. Break the arc after depositing a few globules of metal
‘ ' .
8. Continue this procedure -until the arc can be struck at Y

the first attempt and at the right spot.
. -~ PRECAUTIONS: 1. AVOID "FLASHING" YOURSELF OR OTHERS.

2. MAKE SURE THE GROUND CONNECTION ON “THE
MACHINE. IS PROPERLY MADE.

3. USE PLIERS TO HANDLE HOT METAL.
/

’

" IDENTIFICATigN AND SELECTION OF ELECTRODES <

1

In_order tovprotect the weld metal from the harmful effects
of oxygen and nitrogen in the air surrounding the arc, some form
of protection should-be provided in .the arc-stream. Sinc¢ absorption

of the oxygen and mitrogen by the hot weld causes britfJeness in
the yeld, the elgttrodés are designed with a suitablé coating td

revent absor %ion. This ‘coating produces a gas shield and a layer
‘~of slag which acts as a blanket, keeping the air from quickening

., the cgoling rate of the molten pool, and aids in purifying the weld
by letting the: impurities fIloat to the surface. . e

Types

Shielded arc or heavy coated electrodes are made from wire .. .
of a definite composition with a heavy coating around the wire.
These coatings have been designed to improve the physical properties

: () . of the weld deposit, to control arc stability, and to increase tlie

speed and .ease of weldiﬁg’in the vertical and overhead positions.

- These electrqdes ar¢ manufactured by.extrusion, wrapping, heavy
clipping, or combinations of-.these processes. The coating of these
electrodes may be either cellulose mineral, or a combination of -
both. - . .

Reverse pglarity electrodes have a cellulose coating which
‘is made ﬁg@n wodd pulp, sawdust, cotton, or different compositions.—
’ of rayon.. This type of coating protects the weld by forming a gaseous
shield as it burhs away. This gas shield allows~{h§\weld to cool
and set up faster which is a distinct advantage whenh you are welding
~._3in the vertical and overhead positions \t> ’ .

‘

Straight polarity electrodes have a mineral coating made fnom
metallic oxides in the form of natural silicates, such as asbestos
or clay,-or in.specially manufactured forms of silicates. This ’
coating protects, the weld by forming a blanket of slag which reduces

_ the cooling rate. Figure 15 illustrgtes the shielding effect of
the -heavy mineral coating

&
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b ‘Figure 15, Action of Heavy Electrode Coating. .

Identification of Electrodes

*The Americam Welding Society has established a number and color
. ‘code system for identifdeation and selection of electrogeSu It is
‘ absolutely necessafy that you understand the system in order to
.  select the proper electrode for'the job.

~  NUMBER CODE. This code.is used on mild steel and low alloy -
) . electrodes. It may be either a f0ur or fivevdigit number with each
3 N digit having a specific meaning - '
/ 4 S !
) Since thg_E-60lO_electrode is the most commonly used, we can _ )
use it as an example of how to read this number.- s, =

The letter E designates this as an electric welding filler-
rod. The fipst two numbers (60) indicate the minimum tensile strength T
in thousandths of pounds per square inch, In this case then, the . :
tensile strength of this electrode is a minimum of 60,000 psi .-

The third number (l) ‘indicates the weld position in which the
electrode can be best uskd. This number can be any ode of three, '
The one (1) indicates this as an“all position electrode. A two
. (2) would indicate flat and horizontal welding positions, and a three
< (3) would indicate.welding in the flat position only.

s

~. . -~
. The fourth number (0) refers to the type of current to be used,
and indirectly, to the type of electrode coating. This number may
be any number from zero- (0) to eight (8). Table 1 shows the current
. and coatings for each of thése numbers. ) -




& - is shown in table 2. ‘ .

‘ \

0 - DC reverse when third digit is 1.
0 - DC reverse polarity; AC when third digit is 2 or 3.

1 - ACst or IC referse polarity. - H

2 - DC straight polarity or AC.
Rt -~ ' .
= -3.~ AC# or IC stra@ght polarity.. .

5 - DC reverse po}arity (1lime or titanig ‘sodium low
hydrogen). . ‘ ‘ ’

6 - ACw or DC reverse polarlty (tltanla or lipe potassium - ) -
Tow hydrogen) . - ) S ‘ C:i T

[ - - = - fe
. -

8 -‘AC or DC reverse polarity (iron powder plus low '
hydrogen sodium, covering). . ; . .

#Preferred
o ' <
:4

. = . R .
Table 1. Electrode Covering Compositioms and Current Selection. - T

! ——

-~

‘"\Ihe five ¢ digit number gives you the same information—-as the
four digit number. ‘In this. case, the first | three “digits are-read‘~~ - ,
as the tensile strength with the last two stiLl being the position
and the current selection. ‘ = .

~ B PR

: . , . . . N
AWS COLOR CObE. This code consists of three markings: The

end, spot, and group, as.shown in.table 2. _The end and spot color : .

indicates the composition of the electrode while the group tolor - -

indicates the type of current. The end color is on .the top of the

base or grip end of the electrode. The spot color ig> located on .

the grip end midway between the end of the electrode and .the flux

coating. The group color is lodated on the flux coating just below

the grip end of the electrode. THe color coding for common characteristics

- ¢
Character1st1cs of Common ‘Electrodes : . 2 ‘

The E-6010 electrode is the most universally used of all metallic ~
arc welding electrodes, principally because it can be used in all
- positions, and the weld deposit has ‘physical properties at least
as good as any other specified electrode. It is sometimes referred
.to as the cellulosic type because the coating contains a congiderable
amount of cellulose, such as wood flour or paper flour, combined -. . _J
swith other ingredients, which are added to obtain certain specific .
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qualities, such as volume and fluidity of the, slag -- The heat of
. .the arc causes the coating to burn and generate large volumes of .
gases which effectively shield the molteh metal from the air, preventing
the formation of harmful oxides and nitrides. Good penetration
is characteristic of this type electrode because of the quick freezing
of the weld metal slag, which makes it applicable for vertical and
overhead work. ‘

-

i : E—6011 ELECTRODE The E-6011 electrode is designed to perform
’ the same work using alternating current that the E-6010 erforms -
on reverse polarity direct current. It is an- all-positidn rod with
somewhat more slag than the E~6010. The range of welding current
« 1in which various sizes of electrodes can be used satis torily,
is narrower than in the case with E-6010, which means th#t the welding X
. current controls must be set more exactly

E-6012 ELECTRODE, The E-6012 electrode is for yse with direct, ‘
g - \?ren%—eqraight‘?olarity, but works very well on alternating .current’, ‘ y
v’ag iis ‘the case with most straight polarity electrodes. Penetration
is not deep, consequently, the E-6012 has many advantages-on jobs
where the "fit-up" is. poor and on light gage material because there (jr,f«w/
is less tendency to burn through than with ghe E-6010 ar E-6011. . <
. The E-6012 is” an all-position electrode which has fast welding speeds s
C e " and gives less spatter than most other types. The bead profile
is not as-flat as that of the E-60¥0, but is often preferred for
horizontal-fillets-because of the'appearance of the weld.

-

. E-6013 ELECTRODE. The E-6013 electrode, operating on alternating
o current, is designed to fulfill the same purpose as the E-6012,
\\ operabdng on straight polarity direct current. The, coating contains .
a high percen(}@e of material for stabilizing and maintaining the -
. arc. Penetratidn is less than that usually obtained with the E-
6012 and spatter is low. This electrode proved to be the most successful
| for welding light tubular assemblies and, consequently, was much
zJ used in aircraft construetion. It is often used with straight polarity
direct current, but the original intentipn was to pair it with-the
£-6011 in the same way that the E-6012.1i3,paired with the E-6010.

‘C'lassification e
. <. Air Force Supply catalogs identify arc welding electrodes by
X N military specification nimbers, rather than AWS classification numbers.
3 4"ia' .. The following information is of impertance to Air Force welders . v
- <L . and can’'be found in the 3404 series tech 1 orders.

- £

I o CLASS -4 ELECTRODE. These corresporfd to' the AWS electrodes
: whose last two'digits are 12 or 13, sugh as E-6012 or E-6013, - - -

~ i " €LASS B.ELECTRODE. These correspond to the AWS electpodes - . .
: . whose last two digitg are’ 10 or 11. This type of electrod® is used
', : with DC reverse polarity ekcept when specified-as an AC electrode.
- ' Penetration is deep, whith is normally preferred for good fit-ups '
- and vertical or overhea§ welding. This electrode should not be
~ used when heat treatment is required

.
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. CLASS C ELECTRODE. These ars alloy steel electrodcs to be

fused in welding of chrome molybdenum and chrome-nickel-molybdenum

steels when heat®reatment is required.  The corresponding AWS electrode
specification would be E-7020 or E-10020. This type of electrode

1s generally used with straight polarity, but may also be used ‘on ,;

AC current, Only the smaller diameter electrodes; 5/64" and 3/32", .

are adaptable to all positions. The larger diameter electrodes ’
are generally used for horizontal i‘fEats and flat work ‘where deep
penetration is not required. . “

CLASS D'ELECTRODE. This is a companion rod to the class C electrode
under the same-specification and is used where deeper penetration
is required.' Its puépose is for the welding of chrome-molybdenum
(4135 and 4140) and chrome—nickel-molybdenum (8735 and 8740) steels
(with preheat of the parts to 400 degrees to 500 degrees F). The
corresponding AWS electrode gpecification would be E-7030 or E-10030.
This type of electrode is generally used with reverse polarity,
but may also be used with AC current. It is an all-position electrode.

4 -

we1d1ng Current ,
The selection of the proper welding current and voltage depends
upon the size of the electrode, the thickness of ghe plate being
welded, and the welder's skill. If flat positiod welding, higher
current values and voltage may be used than fpf vertical and overhead

welds with an electrode of the same size. In general, the proper ,

current and voltage settings are obtained from experience and should
be adjusted to fulfill the requirements of the particular welding
4 operation. Since several factors affect the current and voltage
requirements, data published by the manufacturers should be used
only as a.guide.

s

-

Electrode Diameter » Amperes Standard Electrode.
B - Minimum Maximum Lengths
-~ 1/16 in . Lo - 60 8 in
3/32 in 70 - 90 11 1/2 in
1/8 in ' "110 - 135 1 or 18 in
5/32 1in : <150 -~ 180 . . 14, or 18 in
3/16 in . 180 - 220 1 or 18 in
1/ in . 250 - 300 1 or 18 in .
5/16% in . ' 300 - h2s 1 or 18 in
., 3/8% in -, W50 - 550 N I4 or 18 in
% Diameters, 1/4 in 5/16 in and 3/8 in are for flat position only
: 5 u / n ol

/ r oo
) N
’

L3 B

Table 3. Currents Used With Gaseoug and Slag fype EZectrodbs.’

. 0 123 S



. . , K
The mineral-coated type of shielded arc electrode, which, produces
a slag as a shield, requires higher welding cufyents than the cellulose=-
coated type, W hich Pproduces. a large volume of gases, to shield the
arc stream. 3 shbws the current requirements for the mineral-
coated or slag-forming electrode and the cellulose-coated or gaseous-
type of electrode, The welding voltage varies frpm apout 20 volts
for the 3/32 inch electrodes to 50 volts for the t nch heavy-
_ coated electrodes of either the gaseous or slag-forming electrodes.

- - . . .

.

The shieldeq arc electrode has- replaced the bare and light-,
. coated electrodes for most welding apmlications. The factors largely
responsible for this have been higher welding speeds, better weld
metal quality, and the ability to introduce certain alloying elehents
into the weld metal through the heavy-coating on the electrode.

QUESTIONS . .
l.a What is the difference between a'DC welder and an AC weldet?

2. In what technical order is maintenance on arc welding Lo
machines found?

3. What are the five distinct forces responsible for weld
metal t:z:‘ansfer7 ' . . )

-

.
r .

5. What is the difference in the coating on thé electrode, '
between reverse and straight polarity? . )

7. 5 In what position can E-6010 be used?

REFERENCES

3

- “
5
= .
v 7 ;
< . '
[y . ",
41 »
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. .
- 7 12‘ -

~ .
4, What determines the welding current and voltage? i‘"‘-;\

6. In electrode coding, what does E-6010 mean? . ' *
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L \PREPARE VARIOUS TYPES OF PIPE JOINTS FOR WELDING
. . é .
OBJECTIVES o ] ) e e ’ I ~
v W . . N
After ponpleting thisj?tudy guide, assigned study, and your
classroom instruction, you will apply the principles and techni-
ques . involved in the;gigparations of various types of pipe joints
for welding ¢«

‘-
- e .

. . lNTRODUCTIOH ; i e

. . 3 -
~ -

c I Preparations of g pipg joint for welding is probably the most «
important operatibn involved in pipe welding. A part that has not
. been properly aligned, or cleaned prior to welding- mayaiail under - N
N . severe operating conditions. < \k
- ' INFORMATPON . . .
. 9 » ]
' Edges or suyrfaces of parts to be joined by welding may be prepared
by machining, .shearing, flame cutting, or other suitable means.
- Regardless of which method is used, the yresulting joint must meet
the required geometry:, and must proyide a sound, bright, metal surface.
- ~ ‘It is desirable to control -the geometry of the joint to minimize
\ - + 7 any netch, cdndition thatumight lead to concentration of stress.’
e Sharp corﬁérs or sudden changes in size or contour are to be’ avoided.

" All metal that is to be fused during welding must be absolutely
‘clean. This is a basic requirement to obtain sound weld metal within:
o the weld deposit., Cleaning is imperative to edges that have been
‘ prepared -for weldidg, to electrodes, and to surrounding equipment,
such as welding benches jigs, and -holddown devices. Cleanliness
« . also 18 a requisite to flux coating remaining on .weld metal or base
metad upon which subsequent weld metal is to be deposited ) -
- Pipe to be welded is usually supplied with a V bevel having : )
an angle of 37-1/2 + 2-1/2 degrees with a 1/16 + 1/32 inch root
face land at the bottom of the edge to be welded, as shown in R ot
figure '16. Pipe saddle jofnts should be beveled in the same manner
as butt weldé
In the event that operating personnel have a doubt as ‘to the ..
nature ‘of the.joint or itsﬂpreparation, the project engineer must
be consulted before proceeding with any further Preparaticn or ‘welding

-~ e of the joint in- question.
‘ 'Y 4 \, '- > -
- - LY ,
/ - ’
‘ - . .u’.,
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Pigure 16, Weldgent With Root Opening, . . b .
: Horizontal Attitude. cL ' _
. \ ' - N
- R CUTTING OF PIPE

Cutting pipe 1s necessary when the pipe must be-of a specific ‘
length requirement. To ensure a leakproof welded joint, the pipe
must be gut in a true circle with a plane perpéndicular to the centerline
of the pipe. A straight edge or roundabout-made of a strip of -heavy
paper, cardboard, leather belting, or gasket material may be used ’

. to aid in layout. The strip is made longer than the circumference *
i of the pipe to be yelded. The sheet matérial or roundabout is wrapped . '
3 around the pipe, as shown in figure 17, and the line of the cut
R " marked with a-soapstone pencil. The cut is beveled with a hand : -
cutting torch along the line, as shown in figure 18, and the cut Ty .

checked with a carperfter's square,

: ' ) o i
R - - ,
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FITTING UP AND TACK WELDING
. - \ \

0l _ -
“

Joints which require a root obening must nave a separation--~‘

between lands or welding edges of '3/32 + 1/32 inch for the full |

length of the joint, as shown in fjgure 15. The ends of the pipe.

are aligned accurately, In no case will the welding edges at the N

joint be offset from each other in excess of 1/16 inch, er 1/5 of '

the wall thickness of the'lightgr materidl whichever. is less. .

"' I'4

.

L

P .
. Pigure 19. Pipe Linewp Clamp and Spacing Topl.
. [ .
) All parts to be joined by welding are.securely held in correct
position by jigs, clamps, clips, or other suitab%e devices, as shown .
“in figure 19, or by tack welds, as shown in figures 20 and 21, Holding
devices must be adequate to maintain alignment of all parts throughout
the entire welding operation, Tack welds must be of the 3?me quality
and made by the same pyocedure as the completed weld. .
r ' O, : ANGLE
. TAC).C WELD \RON
. oy SUPPORT BLOCK -
.. - : _ ' ‘ ' ' ]
. Pigure 20, Angle Iron Serving as Jig ’ '
i ‘ ) for Small.Diameter Pipe.
I . . ]
\ -,
’ . ;‘ » \
} cy !
byt
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Figure 21, Diagram of Tack Welded ) -
’ } Pipe on Rollers, . )
The orientation of weld“joints with Tespect to horizontal and ° (,
L ))vertiqgl planes of reference must be-in a

ccordance with that illustrated
in figure 22. T

- =

g . HORIZONTAL
., : PIPE AXIS
-y

v > -
4 /’\ '

- <

VERTICAL PIPE AXIS

" Pigure 22. Position of Pipe for Fized
’ ‘ Positidn Welding,

L]

-

i
FIXED POSITION WELDING

W

Welding must be accomplished without pipe rotation, so that
weld metal is deposited in the overhead, vertical, flgt, and horizontal
fixed positiom. .

[}

~

Welding must be starﬁed at the bottom of the joint and must

progress upward to the top of the joint. Under no conditions will
welding be performed in the reverse order.

47
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QUESTIONS - : -

.+ 1. -What is the angle us=d when ﬁaking a V bevel on pipe?

- 2. " What is the p{xrpose of tdck welding a pipe joint prior . )
to welding?
" REFERENCES
TO 34W4-1-5, Welding Theory and Applicationm. )
, §
Ve / . . ) v )
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i N , '
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METALLIC ARC'WELDING OF ;CARBOH STEEL PIPE JOINTS

0BJECTIVES - : S 7
N
<. After completing this study guide assigned study, .and your ‘
J . classroom instruction, you will apply the fundamental principles '
and techniques for welding carbon steel butt, angle, and tee pipe
joints in/the fixéd vertical, horizontal,' and overﬁead positions,

" INTRODUGTION

Altho/gh the overhead position in welding is considered by
some to be/the most difficult, it _does not have to be any more difficult
than any other positiom. In the case of overhead pipe welding,
only about one-third of the weld bead is actually made in the overhead
position. The other two-thirds is equally divided between the vertical
and flat welding position. N

‘w o y
. INFORMATION : .
In the erection of structures .or equipdent and especially in
repair work, it is often necessary to weld in the overhead position.
Fortunately, there are forces present-in the electric arc.sufficiently
powerful to overcome the force of gravity and maked it posgible to
deposit metal overhead. One of the most effective.of these forces
is the propelling power of the gases formed by the combustion of
the coating. Due to the heat of the arc, these gases are expanding 4
at a tremendous rate. . .
% 7

OVERHEAD POSIIION WELDING .

The overhead position of welding is defined as one in whdich
filler metal ig deposited from the“undergside of the joint and the
face of the weld *is approximately horizontal .

. ‘ Figure 23, Theory of -Overhead Arc Depoezts.

[}
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1‘3 The transfer of metal in  overhead arc welding is accomplished
in different ways depending on arc.lengths. 'An overhead deposit
'made while holding a long arc will be relatively small and due only
‘to condensation of vaporized metal. In the case’ of the short arc, ‘
there is a globular growth until contact’is made with the liquified )
plate, figure 23 or surface of the deposft, thus the forces of
adhesion and surfacé”tension at the plate overcome the combined
forces of gravitation, cohesion and surface tension acting to hold
the globule to the electrode surface. : . )

It is evident that the force of adhesion and surface'tension,

of the plate, combinéd with the force of the gases produced by the
- coated electrode, must overcome the forces of gravitationm, cohesion, v
And surface tension at the end of the electrode. These forces acting '
against the depositing of molten metal may be overcome by using

a small didmeter electrode and holding a somewhat shorter arc length.

Also helpful, is heating of the overhead joint locally to start

an effective metal deposit. This cansbe accomplished by holding

a long arc length at.the start of the weld. It is often desirable,
especially on heavy plate, to burn 2 to 3 inches of electrode in

heating the joint. :

Electrodes, Polarity, and Current Settings .

» In metallic arc welding, only thbse electrodes designed for
overhead welding should be used. Welding with large diameter electrodes
ig difficult. The 3/16 inch diameter electrode is considered the .
. maximum practical size used for welding overhead. The amount of
welding current should be carefully adjusted in'order that a short
arc length can be held. Usually only a slight movement of the electrode
is necessary iMyother factors, such as a current adjustment and ’
electrode angle, are correct.

When using a DC arc welding machine, reverse polarity (electrode
positive) is used. Since the greater amount of heat ‘is at the positive
terminal of the welding circuit, penetration is more easily obtained.

This serves as an aid in a position in which penetration is otherwise
difficult-to obtain. -

The selection of the proper welding current débends upon the .
size of the electrode, the thickness of the plate being welded,
the position of welding, and the welder's skill. In overhead position !
welding, lower current values must be used thap for flat welding * '
with an electrode of the same size. In general, the proper current
settings are obtained from experience and should be adjusted to

* fulfill the requirements of the particular welding operation. Since -
geveral factors affect the current requirements, data published
by manufacturers should be used only as a guide.

A
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ST ~ A
Overhead Position i\\~#////i ' . \

-
3

F bead welding, the electrode should be held at an angle
. of degrees to the base metal, as i]llustrated in A, figure 24,
-or may be tilted approximately 15 degrees in the direction of welding
shown in B, figure 24. This will,BFovide a better view of the arc ’

.
' ;

and crater of the weld, , X .

-

. " Overnead Position

Figure 24, Bead Welding in Overhead Position,

Weave beads can be made in the overhead position by using the
. motion illustrated in “figure 25. A rather rapid motion is necessary .
b ) at ‘the end of each semicircular weave in order to control the molten .
metal deposit. Excegsive weaving should be avoided because this
will cause overheating of the weld deposit and the formation of a
large pool, which will be hard to control, .

s
-

-

= ! F. - z . .

“ ' , \ recTion oF wuomd . ——

| - i ,

j ' .. | 3 '

‘I[’ /‘. ‘. ] - 04
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) Figure 25. Position of Electrode and

Weave Motion in OUez'head Posztwn. )

Butt Joint . e

R re 1
. ’ ‘The plates should be prepared for butt welding in the overhead '
s ‘position in the same manner as that required in the flat position

and the most satisfactory results are obtained if backup strips
. If the plates are beveled with a featherlike ridge and

e
e

T ‘. are used
. “  no backup strip is' used, the weld will tend to burn through,répeatedly
* unlegs extreme care.is taken by the operator, - )‘53 K .
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) For overhead butt welding, beads rather than weave welds' are
preferred. - Each bead should be cleaned and the rough areas chipped
out before the following pass 1s deposited.,

Figure 26, Welding Butt Joint in
: Overhead Position,

~

[ 4 .
The positions of the electrode and the order to be followed

in depositing beads on 1/4 and 1/2 inch plates are shown in figures'

26 .and 27. ) )

/

-

N N

Figure 27, Multipass Butt Joint in the Overhead Pogition,

The first pass should be made'with the electrode held at 90
degrees to the plate, a8 shown in figure 28,

52
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‘ Figure 28, Position of First Pagss for / '
: Overhead Welding.,

VERTICAL POSITION PIPE WELDING N
Welding in the vertical position is much more difficult than ’
‘welding in thé flat position. The force of gravity acting on the
globules passing across the arc to the molten pool tends to deflect
them from the crater so that the operator is forced to hold a short . J
arc and to manipulate the electrode in order to control the size -
of the molten pool. -A force which is probably the strongest in . o
propelling the globules across the arc is that exerted by gas produced
from. the electrode coating. This gas expands at a rapid rate forcing
. . the metal across the gap. - . .
> The electrodes used for vertical welding have lighter coatings
than the type used only for the flat position, They are so designed
that the weld metal and slag solidify quickly. Electrodes of this
type require the use of reverse polarity. Since the greater amount
of heat is at the positive side of the welding circuit (the tip
of the electrode) .penetration is more easily secured with reverse _
polarity, This serves as an aid in a position in which penetration
o 18 otherwise more difficult to obtain. They are classified under
American Welding Society specifications as AWS E-6010 and in AF
supply catalogs as class B electrodes.
N ’
When using coated« electrodes in the vertical position, it is
. necessary to use sSmaller electrodes at lower current settings (as
- compared to - -flat position welding). This serves ag an aid in maintaining
S > a small pool of molten metal, thus permitting surface tension to P
overcome the force of gravity. The current settings recommended -
by the electrode manufacturer may serve as,a guide in making initial
’ sett2ngs for a given electrodgisize.

Joint_ Preparation and Weld ﬁpe;c;iﬁ cations ‘ o7

The preparation of the joint for welding in the vertical position
_is the same as required for welding in the flat position.- Also, b
weld specifications are the same for vertical and flat welds.- It :
. may, however, be. necessary in vertical welding to make a number
of passes for a joint which would requirg,pnly one pass in the flat
+ position,

.
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L “‘;lchniques of Vertical Welding Beads on Steel Plate

‘ Theﬁconrect position~»and mqnipulation of the electrode for //’.\-//

g ' ‘welding upward in the vertical position is showm in.figure 29. The _
- ®» % glectrode is held perpendicular to the plates latefhlly, but inclined L
-down about_S degrees from the horizontal plane, so the tip of the
eféctrode points slightly upward and.away from the crater. ~ ] i
- — ‘ N ' i = p
¥ ¢ » w \

¢ R ' )
’ ' 0 - * . - ~
. . -
~ \ \ - . *

- APPROXIMATE ELECTRODE ANGLE
g" AFTER .WELD IS STARTED .’

g-§’,1 o

- . )
, g . . —BEAD _
\J - . . ‘;' ~ )
V . A3, ' \—ELECTRODE v/}gGLE AT
e X C START OF WELD, - -.
: 1] SHELF u F WELD, -
e 4"_-4 4 , T g

" Pigure 29, Technzque for Weldzng Upward in the Vertical Poeztzon. .

, N . /-
f The weld is started by directing the end of the electrode down °‘
as shown in figure 29, This permits the deposited metal to form
¢ A a»shield; after-building of the shield; the angle of the electrode
’—;t is then changed with the end directed, upward as pfev&ously stated, -~

As the weld progresses %the tip of the electrode is momentarily moved
upWard_ahqad of the pool of molten metal long enough to permit the
deposit to solidify. This is repeated along the line of the weld
.o to the Eop of the plate
A somewhat shorter arc length is required in order to cortrol
‘the size of the moltén pool. The arc is never broken throughout - - .
the movement of thre electrodebh;he end is merely move® from the .
crater just long enough to pe t the deposited metal to solidiff_
and form a shelf upon which additicnal metal is deposited. Since
some operators will work faster and, use higher current values than
others, the timing of this movement will vary, depending upon the
individual. Actually, effective disposition of metal should take
.place only during the time in which the electrode is in position ©oe -
, » at-the downward end of the movement.

~
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M ' To obtain welds which are wider thaf welds produced by the
e, above technique, a slight'weaving motionyof the electrode is used.
- e A slightly larger diameter electrode with higher welding current
] . ¥~ aids in producing larger welds; however, '3/16 .inch diameter electrode
‘. is considered the maximum practical size for vertical welding.

" ,
~ ’ .
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/ o A, DIRECTION |~
x « - of WELDING |
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* Pigure 30, Vertical Weave Eea&, Welding Up., *

An example of a typical weave when welding in the vertical
position is shown in figure 30. The electrode is moved in & slight
- ‘side-to-side movement in the crater during-the disposition of weld
‘ metals, followed by a movement of the electrode upward momentarily
A to allow the deposited metals to solidify. This procedure’will
+ elitifnate a highly crowned head which may result when the weaving
motion is not used. When large maximum strength welds afé'required,
'.a series of stringer beads are d?posited. '8

" PIPE WELDING TECHNIQUES * - ) .

-

The actual welding process is similar to welding flat plates.,
In the vertical position, the pipe is positioned as shown in figure ) 32
. 31, and the weld progresses completely around the pipe. Welding
should be accomplished without pipe rotation. . !

: ¢ . ’ 3
H . . - s N\ - ,? ’ ‘
- -
[




7

I
i
it

1
Y
"

e e v
&

Pigure 31, Vertical Positioning. . ' .

r

’

Welding in the overhead position is defined as the position  *-
in which filler metal is deposited from the underside of the joint.
In pipe welding, this is the most difficult of all welding positionms.
It should be accomplished without pipe rotation dnd in the position _
shown in figure 32. The weld metal is.deposited from the ovg;pead,

.vertical, flat, and horizontal positions.. The weld should be started
at the bottom of the joint and progress upward to the top of the

joint. Under no conditions will welding be performed in the reverse o
- -~

order. . . -
.. S

HORIZONTAL «
PIPE AXIS
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When welding carbon steel pipe joints, the same principles
and practices used for flat plate welding are employed. The pipe
joint may be preheated by using‘a long arc, but-actual -transfer®
of metal should be accomplished with a short arc.
should be uséd, DC reverse’ polarity employed, and curxent adjusted
" to’ suit individual welding characteristics.
. ) QUESTIONS

The E-6010 electrode
. E a “' .
/ « 1,

. <

A

2

.Define the gverh "

h§welding position.
o2, Bbf;a;cfgzck—up s

ips Aed' in overhead welding?
’ ;40

3 //Why do you use smaller electrodes when welding vertically?

In what direction is pipe weldirg performed?
REFERENCES R
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Chanute AFB Illinqis
‘ LNrRT GAS SHIELbED ARC WELDING OF STAINLESS -
’ STEEL PIPE JOINTS - B
L] R

_OBJECTIVES - Seen v
N . . o . .
) After completing this study guide and your classroom. instructions,

you will apply the fundamentals, principles, and techniques of welding

stainless steel ‘pipe in the fixed vertical, horizontal, and overhead

ﬁ?sitions for: the butt, angle, and tee joints.

INTRODUCTION s '

Inert-gas shielded welding is a welding process which uses

_an inert gas—to protect the ‘'weld zone from atmospheric oxidation
~ which would gontaminate the weld. It produces welds that are stronger,

more ductile, and’ more corrosion resistant than welds made with
ordinary metallic arc welding. The protective shield that envelops
the weld enables the joints to be fabricated without the use of
“flux, thus eliminating the corrosion due to flux entrapment, and
also expensive postwelding operations. The entire Welding operation
takes place without spatter, sparks, or.fumes, <

W

'

INFORMATION
There are many inert ‘gas shielded welding processes. "The process
. that you are going to become familiar with is tungsten inert-gas
., (T1@),, figure 33. Tungsten intrt-gas uses-a nonconsumable electrode, .. -
as compared to metallic inert-gas (MIG), figure 34.
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Pigure 33, Inert-Gas Shielded Process (Nomconsumable Electrode) TIG, ,
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- Pigure 34, Ineff-Gas Shielded Process (Consumable Electrode) MIG,

. . - ! . . -

\ The tungsten inert-gas shielded welding process is especially
adapted for welding light gage work requiring the highest quality
and/or finish because of the exceptional concentratfon of heat, precise
heat control, and the ability to weld with or without filler metal.

It is one of the few processes which permits the rapid welding of
tin or light—walled objects,

{
B ) An arc from the electrode in the atmogphere of inert gMides
T an intense source of heat which is very clean and operates very
a quietly, The inert gases provide an almost ideal shielding cover
in which to melt most metals for welding, refining, or casting,
Because.of this, the inert gas process is generally adapted for

welding a wide range of materials. v

% Al s

Most metals or alloys-which do not vaporize under #he heat
of the arc, and which solidify without cracking, can be welded,
Some of the metals that can be satigfactorily welded by this method
are most grades of carbon alloy and stainless steels,- aluminum, and
most of its alloys, magnesium and most of its,alloys, copper, copper-
‘nickel, phosphor bronze, tin bronzes of various types, brasses,
,-ndckel, .monel; -iconel, high temperature alloys titahium, zirconium
gold, and silver,

TIG WELDING

e o - e s

The basic réquirements for inert<gas shielding arc weldiag
consists,of a power unit, gas shielded welding torch, shielding
gases, auxiliary equipment, and protective welding equipment.
Power Source g

The welding current may be supplied through either a welding
' generator, DC rectifier, or an AC transformer, Figure 35 illustrates .

. ; —_
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a standard TIG welder. " It is important that the unit have good
= . current control at the lower end of the current range. Standard
+ DC welding machines are ehployed and selected on the basts of the
S, - -current.- output- and the range necessary to-meet the requirements *°
i . - of the work. Superimposed high frequency is used in some machines

~ to permit starting the arc\égthout the electrode contacting the-
. work. o

=\

v,

. FPigure 35, TIG Welden. .

' Torch

-

There are séyeral types and models of gassshielded welding
torches being used today. The operation and design are basically
, the same with the exception of the manner in which they are cooled.

. - [ s
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Figure 3. Air Cooled,:Gas Shielded Ave Welding Torch,

The air-cooled torch, figure 36, is designed for manual welding
of thin gage materials and is excellent for weld repairing thin sections
of jet engine parts. This torch can be used for welding with high
frequency stabilized alternating current or sEraight polarity direct
current, depending on the job requirements., It can p orm continuously-
on AC or DC curreant up to 100 amps. - tf

%
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XTI GAS PASSAGES
o—o— WATER FLOW + ¥

' Pigure 37, Watek Cgoled, Inert-Gas Shielded dve Welding Torch.

_ The water-cooled torch, figure 37, is-designed to opérate at | v
higher cufrent ratings above 10Q amperes and up to 300 amperes current
- capacity. Water cooling of the torch and power cable for inert-
. .gas shielded welding makes possible ‘the use of lightweight parts
capable of carrying the rated current without danger of overheating,
-The power .cable is located in the water discharge line hose. Water
requirements are from oné to two pints per.minute. A special fuse
of about 45 -amps is installed/in the power lead line to the torch
to protect the equipment from overheating in case of water stoppage.

electrode holder, the gas shielding cup, and the tungsten electrode,
The shielding gas enters through & plastic hose fitted to the rear
of the torch handle, passes through-the body, and emerges from the

jf’ L gas orifices in the .torch head. . It is then giided down toward the -
L  weld or molten podl by the gas shielding cup that surrounds the
- electrode.,. - - : ' B . :

v s ) 62

-, ~The torch-head-basically consistg of -three parts: the collet or - - - -
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The tungsten electrode is held firmly in place by a replaceable , .

’

eletrode holder (collet) that screws into the torch head.

The thredded

end that screws-into the torch head is split into four patts.

When

the electrode holder is tightened, a clamping action takes place
on the electrode and holds it firmly in.place. The hoiders are
made in various sizes and hold electrodes from .020.to 1/4 inch
in diameter and from 3 to lz inches long. s

- Gas shielding cups are made from plastic, metal, and ceramic’

/ .

4 - AN

tile.,

They are made in various sizes and the size selected depends

on the gize of the electrode to be uged,
the diameter of the cup in 1/16 of an inch.

The cup.number indicates
Continued uge of ‘the

N

torch at high amperage tends to deteriorate “the shielding gas cup.
For this reason, metal water-cooled cups gre used with currents
above 100 amps. . -, .

Hose '

Rubber or plastic hose is used to circulate water for cooling
the torch and power cable lead. The bare, flexible lead cable is
enclosed in the water outlet hose. A gseparated hose* is used for
the water inlet and another for feeding the shielded gas to the
torch. In case of water stoppage, welding must be stopped to prevent
damage to the welding equipment.

. Water stoppage may redult from an accumulation of dirt in the

small passages of the torch. This condition can usually be corrected

by disconnecting the water lines and momentarily reversing the flow

of water. Three possible causes of leakage in water lines are an .
excessive high water pressure, mistreatment of equipment, and improperly
sealed hose connection. If leaking occurs in the ‘torch handle,

soldered repairs may be necessary. When the-hose 1is damaged near

a connection -it is only necessary to cut away the broken section

and reinstall it to the fi!ing. Rubber cement or a hose clamp may

be used for securing a leakProof joint. When repairing the water

outlet hose, it is necessary to remove an equal length of electrical
cable. . .

The argon or helium hose mmst\he gastight. If the-molten pool
becomes cloudy or the tungsten elecnrode tur a blue while cooling,
it is an indication of a leak in the' hose or hose connections. 1If,
for any reason, the plastic hose is subjected to temperatures above
125 degrees,-it becomes soft and loses its strength. It should
be protected carefully and not allowed to come in contact with hot
metal. Hose that. has been.burned or broken should be replaced because.
it cannot be effectively repaired. Leaks cause the shielding gas
to become diluted with air and causes contamination of the molten

<

" pool and the adjacent metal, . ,
i y ‘
Tﬁngsten Electrodes i v

Four types of tungsten electrodes are used for gas shielded \\\\
. welding They are ercially.pure tungsten, 1% thoriated tungsten,

¥
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2% thoriated tungsten, and ;qngéten c0n€;inin +3 to ,5 percent
g

. zirconium. The thoriated tungsten electrodes are superior to pure =
tungsten electrodes because of their higher electron flow, better
arc starting and stability, high current- carrying capacity, and H

S . highérsresistance to contamination. The tungstén electrodés containifig
zirconium have been refined and imprdved to make them better than
the thoriated tungsten electrodes but 'are considered to be too expensive
*  for normal Air Force use. - .
. i - ~——
The tungsten electrodes are color coded for easier selection.-
- Pure tungsten has a green end, 1% thorigted has a yellow end, 2% "
thoriated has_q red end, and the zirconium tungsten has a brown
end..
Tungsten electrodes are practically nonconsumable, but when
the electfgdg unintentionally touches the molten pool, a small ball
forms on the end, which may cause an erratic arc. This metal pickup
should be removed by grinding or bredking it off with a pair of
- pliers. Electrode loss due to oxidatiofi can be prevented by leaving
the gas on a short time after the drc is broken, allowing it to
cool in the protective atmosphere of the shielding gas. Tungsten
electrodes are availablé in diameters of .020 to 1/4 inch andfin
lengths of 3 to 12 inches, The .diametet of the electrode to be
used depends upon the current setting uysed in welding.

-
.

1

Foot Control™

The foot control is a foot-operated rheostat which is installed
in the field circuit of the welding machine to change the arc for
varying thicknesses of metal. This provides a convenient method
of making slight changes in current settings during welding. This
. control epables you to start and stop the machine, and provides
a convenient method of making current settings during welding. Another
" advantage is that the control shuts offi the ‘welding and at the same
time allows the gas to flow, which protects the weld during cooling,
e and helps to control crater cracking.

ol
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Gas Regulator ‘ - : /‘21;7
" A combination regulatorflowmeter, figure 38, has been developed -
to control the flow of .shielding gases. It steps down the high
pressure.in the cylinde¥ or manifold to lower working pressures.
- The gas flow to the apparatus.is indicated on a flowmeter tube.
. In operations in which.the gas consumption is high, a central cylinder
_— manifold system can be installed and the gag piped to the various .
v welding'stations. The flowmeter is equipped with a manual throttle
valve for gas flow adjustment so the welder can set the gas flow
required. The flowmeter tube is calibrated at a positive pressure
. which normally exceeds any bgck_pressure produced by the equipment,
This makes a true reading of the gas pressure pgssible.

For economic reasons and f@r ease in handling, both manual
and mechanical shutoff valves are made available in the power unit.
Electric solenoid valves are installed in the unit, allowing the
flow of shielding gas and water to be turned on automatically when
the foot control is used. These valves are designed in such a manner
_~that they can be timed to allow the gas and water to flow before '
- :- the arc is struck. When the foot control is used to stop the arc,
the gas and water continue to flow for a specified time. The flowing
of gas and water after-the arc is stopped permits cooling of the
electrode and molten pool, protecting them from atmospheric contamindtion.

Welding Current

o . ) R
N DIRECT CURRENT., The welding circuit may be connected as either
’ straight or reverse polarity. The choice of polarity depends upon
the type of metal to be welded. '
_~\\\ ' In direct current straigﬂt polarity (DCSP) welding, the electrode

is negative and the work -is positive, ds shown in figure 39A., 1Ia
~ straight polarity welding,-the electrons strike the plate at high
velocity, producing a concentration of heat effeédt upon the plate.
The heat not only influences the welding action, but the shape of
' the weld also. DCSP produces a deep, narrow weld, as shown in figure
39B. ., / <
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' ‘7\% DPirect current reverse polarity (DCRP) weidding, the electrode
is positiye and the work is negative, as shown in figure 40A. In
reverse polarity welding, the electrons are flowing from the plate
to ‘the electrode, This requires thé use of large diameter electrodes
to absorb the extra heat generated and helps to prevent the electrode
from burning off.. DCRP produces a wide,' shallow weld, as shown
in’ figure 40B. For any given welding current, DCRP requires a-larger

diimeter electrode than DCSP4 -

A

Figure 40, Direct Current - Reverse Polarity.

ALTERNATING CURRENT. Alternating current (AC) welding is'a
‘ combination of DCSP and DCRP welding current. One-half of each
complete cycle is DCSP and the otRer half is DCRP, as shown in figure.
41. Foreign matter, such as moisture, oxides, or scale, on the
- surface of the plate, tends to prevent the flow of current in the -
’ reverse polarity direction, If no current flows in the reverse
direction, rectification is.taking place and the current wave would
look like figure 42. To prevent this from occurring, it is common
practice to superimpose high voltage, high freqpency additional
current on the standard welding current. When high frequency is
superimposed ‘upon AC welding current, a continual flow of electrons
is jumping the gap between the electrode and the work piece, piercing
the oxide film and forming a path for the welding current to follow.
Some advantages that are obgained from using high frequency. current
are starting the arc without touching the electrode to the work
piece, better arc starting and stability, a longer-arc’is possible,
welding electrodes have a longer life, and wider current radnges
can be used. A typical weld contour produced with high frequency
stabilized AC is shown in figure 43, with DCSP, and DCRP welds “for
comparison. .
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" Shielding Gas 2
' 4

Although there are several inert gases which may be used for
gas shielded welding, argon and helium are the two- most commonly "
used, The mpain reasons fot this #s the complete ¢hemical inertness.

' © and insolubility in molten metals; electrical characteristics that
: are favorable to smooth, quiet arc action, and efficient metal transfer ° .~
‘ at high current density, Whether argon or helium is used for the:
- - shielding gas depehds on the distinctive characteristics required
" to produce the desired results. Argon is used in most caseg, but .+ ‘.

s helium is used when more heat per’ ampere of Welding current is needed.
- "This charécteriﬁtic of helium becomes -a disadvantage when, welding -
K very light gages of metal 1/32 inth or~less. . ) .
3 ' .
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- ) . The term "inert-gas' suggests a chemically inactive gas, one ‘

which will not combine with any other element. The two gases produce .
different effects upon the materials to be welded due to arc.voltage,

argon producing a narrow bead with-deep center penetrationy while ‘
helium prodyges a wide bead with comparatively shallow penetration. .

These differences often make one or the other of the two gases,

or a mixture of the two, preferable for specific applications.

-2y

- Many other types of gases and gas mixtures have Reen tested, ’

- “bUt-all have some deficlency wnich prevented them trom belng used, T
- such as causing rapid deterioration of the electrode, porosity in .
' welds, and arc instab}iity.,‘Some have been found quite useful for e

spdcific purposes, such as.nitrogen, which is used as a shielding 7 F

gas for welding copper. "Also, mixtures of argon, helium, and hydrogen
have been used in welding stainless steel and some nickel-bearing

alloys, such as monel. Both gases are plentiful, but due to the T
difference in weight, three times as much helium is required for:
shielding as argon,

.

. ARGON. Argon is a colorless, odorless, noritoxic, and nonflammable’

. . inert-gas, which is somewhat heavier than air.. It is supplied in
cylinders similar {n size and shape to oxygen cylinders, carrying .
pressure between 2000 and 2500 pounds per square inch. The cylinder
may be tdentified by the distinctive color markings of gray with
a white band painted horizontally around the cylinder. The cylinder

c e s is considered empty when the pressure is reduced to 40 pounds per
square inch and should be replaced with a full cylinder.

Gas purity mq& have considerable bearing on welding, depedgding

upon the extent to which materials are affected by impurities, stzfﬁzﬂé
less steel, as a rule, is ngt significantly affected by small percentages
of impurity in the shieldinf gas, Nonferrous metals, such as aluminum
‘and magnesium, are reiativelj'éensitive to impurities and are best . o
wglded with high-purity gas, The argon and helium gases which are

- " commercially ayailableffroﬁ most sources are of high purity and
average well over 99.95% pure.

‘

Argon is generally used for all alternating current welding
. applications, such as weélding aluminum, magnesium, or copper. The .
-arc is relatively hard to stabt in heljym gas shielding when very o .
low welding current is used. This di is not encountered
with argon and the low arc vpltage cha ic is particularly » )
helpful in the welding of thin material¢% the tendency toward . :
- burn-through is reduced. : ’

HELIUM. Helium is a colorless, odorlegs, nontoxic, and tasteless :

. inert-gas, It is also much lighter than air being the second lightest K .
of all gases. .Helium is nonflammable and is placed under pressure :
, .in cylinders, like argon, with 2000 to ‘25000 pounds per square inch, T s
) The cylinders may be identified by the distinctive color markings N4 )
of gray with a buff top (light brown). The cylinder is considered \
, empty when the pressure is reduced to 25 pounds per square inch; | \¥~ ’ N ’

. and should be replaced-with a full cylindér. \ /‘
. ' ’ @ ‘ A




. These factoe ve graximym heat input, resulting in deep penetration
" and fast wel eeds, gﬁ,s technique minimizes carbide precipitation
] .
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. Helium ts uged mainly with diré@ current welding machi:%s,’. -
using DCSP. This shielding gas is used fo weld magnesium usifk
~ DCRP.. High arc voltage and current settings are desirable for welding
*  thick metallic materials whicH have high heat conductivity. 0

- A

\ ' Stainless steels are probably the most easily welded of all
metals by ‘the ‘gas shielded process. They are generally welded with
direet current straight polarity, -using axgon as the shielding gas.

' +  WELDABILITY OF STAINLESS STEELS

-

in nonstabilize tainles

teel and helps reduce distortion on
thin sections, - o

b ‘

. Carbide precipitation is an important factor to consider in A
welding stainless¥steel, When the metal is kept at an elevated - ’

temperature for any length of time, the carbon combines with chromium °

and fogms chromium carbide. In the region of this carbide formation,
a loss of corrosion resistance results and the tensile strength %
and ductflity”aré, reduted, This usualdy occurs near the fusion
,line in the welding of. stainless steel. The effect can be reduced

¢ to a minimum by confining the arG or heat to as -small an area as

possible.- This means t at-zb;ag't results are obtained by the use of
smaller electrodes, higher. amperages, and faster welding speeds,
., Inert-gas shielded welding 1is very adaptable in this respect as
< . the tungsten electrade has a very high melting point,’ allowing the
®use of high amperages wjth smaller diameter electrodes . This permits
higher welding speedgs”a narrow heat affected zone, and more rapid-= -
~ cool : al. ) ‘ ’

[ ‘o
« 3 b < . N
P e . *

e co‘efficient of expansiord for stainless steel is approximately
60% greater ,than for carbon steels, and special precautions are’

a necesgity. To resist the tendency to wém@ during welding, joint

edges ’mit be c‘oi'ret:,_tly aligned and properly spaced. Tack welds

must be closely spaced in accordancewgith metal thickness. Thin

gage metals offer less resdstancé>in wirpage when heat is applied = :
and must, therefore, be ta weldez/i\'at‘c:loser intervals. than heavy

* gage metg.s. . > QR '
- "

"

WELDING STAINLESS STEEL PIPE

. .. ® ) . > - e N
: Wstant pi'f)e welding represents a, very large N
portion of~the welding being performed.. 'There are countless applica’tionps

+. where the techniques of modern pipe welding may be successful apd. .
.. ‘'profitably employed., Heli-arc pipe weldfng 1s a recent advance
=% in the jqming of corrosidn resistant metal, -High quadity welds
wifR uni pénetration may be readily made at a lower-cest ‘thas ,
*.ng s made with either oxyacetylene or covere e trode wgldingf’ *. .

., - . .o . a
S - '
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' . .

<



-

it
¥

— i, . 7.
- v e =T

Y
4

o ) ¢
13- 5 ’

’ Corroaion,gesistani steels,'such\5§¢;tainless steelsshave come
into their presegt wide use mainly because of ome characteristic
they h8ve in common; they are all resistant to corrosion and oxidation.
This corrosion resistant property is due to a chromium‘content in
amounts of over 10 percent. Opher‘elementé added to impart certain
desirable properties are nickel, manganese, columbium, .tiThnium,
molybdenum, silicon, and carbon.” . o e N

BUTT JOIRTS - %

¢

<

The most common type of joint used in the fabrication of welded
pipe systems is -the butt joint. It is the most satisfactory foom !
the standpoint=of stress distribution. ’ -

] . \ ‘ . ' ~ . ;-‘. ‘ ] .
— [V/// ANy

L weLo oroe
32 THROUGH

. PENETRATION BE AD 1
" v 33 MAX, WELOD

WIDTH-EMIN. - X Max. — SINK
8 4 ~&; OVERNEAD
Y + POSITION
N ¢ . M
. / Py = P
J - N
A . Figure 44, Typical Weld Dimensions of . !
. g Standard Vee Joint With Joint .Spacing. -
¢ , had ' -Y

&

Butt joints should be reinforced with weld metal in excess
of the neeythroat dimension by at least 1/16 inch. The reinforcement
should be so built.up that there is a gradual increase in thickness
from edge to center, Excessive reinforcement should be avoided, . "
as it may introduce undesirable stress concentration. Figure 44° ’ ,

-

* shows typical weld dimensions of a butt joint. . i

Reinforcement of butt welds shall be not less than 1/16 inch,
nor more than®3/32 inch above tlie surface of the base material. ,
Reinforcement shall be byilt up unifdérmly from the surface of the .
base paterial to a maximuyn at the center of the weld, and shall '
blendWsmoothly and gradudlly with the base material. Finished weld
contours shall be uniform\and free from depressions below the surface

" of the base material. . ~ . B

\ Butt welds shall have a finished bead width approximately 1/16 .
Sch on each side of the bead. Under no conditions are wide welds *
to be~wged to cover poor fit-up. , ) ‘

-~ 3

. .

Joint Designs . . - _ o

Five joint designs have been developed for pipe welding using
. heli-arc process and are illustrated in figures 45 through 49.

O -~ .
4

.
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These joints are satisfactory for rolled pipe, as well as pipe in ° /3 ’%
' the fixed vertical positions. All pipe with a wall thickness reater ’

*  than approximately 1/8 inch should be beveled for heli-arc welding. v -

It must be beveled if filler rod is used.

.STANDARD VEE JOINT. The vee groove joint illustrated in f{éure
45 has been widely accepted as a standard joint design for pipe
welding: The standard vee joint may be butted together and welded

without filler od on the root pass. ,However, for higher quality .
welds, filler rod:is required. PR . :
. \;,L st Tt ., P

£

1 _}" l".....s_u ’ ” .
N 16 - 16 32 :

- .
’

Figure 45, St:ﬂﬁ%d Vee Joint,

& 2 ¢

SHARP VEE JOINT. The vee joint illustrated in figure 46 will
be called thé sharp vee joint to distinguish it from the standard

H

- vee. The sharp vee joint is adaptable to field erection of pipé.

o - -~ .
r37'12' = - ) . - d

Pigure 46, Sharp Vee yt. .

v GPO@«E JOINT, The joint illustrated in figur5¢ﬁ7 is recommended
where ‘more uniform welds and higher quality welds are required than
could be obtained with the vee groove joints. - Penetration is uniform
with this design and weld "sink in"-in vertical position is minimized.

300 ~

t_.if_._éf N S
16

. Figure 47, U Groove Joint., .
. 71 .
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,3‘4 CONSUMABLE INSERT JOINTS, Consumable q.nserts are available
and will produce the highest weld quality and fhe strongest inside
weld reinforcement. Figure- 48 illystrates the “consumable’ insert °
joint design as well as the insert. :The joint prepdration requires
close joint tolerances, and,fitting the insert into the joint is

" time consuming;. but since the composition of ‘the insert may be selected
to vary the compdsition of the weld,sthe weld nesults may be superior.

’ ’

L

, ‘ E%gure 48, Consumable Insert Joint,
. ~ Wall Thicknesses Less Than 1/8 Inch.

ROLLED EDGE JOINT. Another method of obtaining inside weld
reinforcement is the. rolled edge joint. The lefthand section of
figure 49 shows the first stage in prepqrtng this joint; the righthand _
section of the same figure shows the finished joint .The rolled
edge joint is recommended for ‘killed steels or stainless steels.
It is -leéss—costly than the consumable insgrt joint, and the fit-
up conditions are less critical.

.
D 4

"

30

N

P -Figure 49. Rolled Edge Joint Preparation.

BUTT JOINT SPECIFICATIONS. Butt wé{;s ghould have one pass
for each 1/8 inch of pipe wall thickness, with a minimim of two
passes. Butt welds will be flush with the inside of the pipe. JIn
cases where grinding is not possible, the foliowing even underhang
dimensions are allowed. -

v

o



Pipe Size - Maximum &;otrusién R
_up to 2 inches 1/32 iqg&v \
2-1/2 inch and over 1/16 inch - .
o WELDING TEQHNIQUES
& R -t =~ - ‘\ - -~ :': -
Starting the Arc ' ) - N

Whenever ﬁbssible, the arc should be started by a high frequency
arc starter attachment, The high frequency current shall be suf-.
ficient to start the arc without touching the electrode to the workpiece.
Use the foot control rheostat to a&ﬁust arc to the appfbxi; _
mate desired heat, - <
Move the arc to the joint edges and travel steadily along (forehand)’
holding the,elechode as near vertical ,to the join;’as possible,.

- £ Do 2

Filler rod should be added at the forward edge of the pool,

If your welding speed is too slow, you will have excessive
penetration inside the pipe. .The weld puddle will then have a rouhded
opening at the front of the puddle which will be wider than the
joint opening (keyhole shape)., Remember that a keyhole shaped ‘puddle ’
for a spaced joint shows excesgsive penetration, since too much of

the edges are being melted back, .- >

sl

Figure 50, Correct Puddle Sh’%f‘or '
. © | Standard Vee With Joint Spacing.

-

To overcome excessive penetrgtion, add more filler rod to the
puddle, slant the torch sharply, towaxd the filler rod so more rod
is melted,:- and increase your welding speed. The effect will be,
to put more heat into the filler rod and less into the pipe itself.

This will close the enlarged opening at the front of the puddle,
figure 50, . ) 4

-
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Breaking the Arc

aggﬁhe preferred method for breaking the arc shall be to extinguish .
the arc by use of a foot-operated current control to decrease the
welding current gradually until the arc will travel without fusing . @
the base metal., If-the foot-operated current control is not available,
the rate of travel shall be increased to a speed at which the arc
will travel without fusing the base metal, and the arc can then
be broken.

a

-Purging - . N
.* Pipe shall be purged before welding is started, and,purging.

shall be maintained throughout the entire welding operation. When

conditions ,permit, .the purging gas Should be introduced at the lowest

point in the pipe or system and vented out at the high points. Oxidation

of weld deposits and/or base metal is not peimitted. )

When you,add the filler rod, the rod should be almost tangent

to the pipe surface and the heli-arc torch should be slanted about

15 to 20 degrees toward the rod with an arc length of about 1/16

inch, figure 51.

15¢-20°

N\
Pigure 51. JReZattve Position of Torch
i ’ and Filler Rod to Pipe.

When the puddle increases to about 1/8‘inch thick, remove the /
rod and hold the torch stationary. The weld puddle will noy begin
to flatten out in front, forming a thin front edge and will take
a wedge shape, with Tounded corners extending to the bottom: of the
joint. This wedge shape means that penetration Ys complete. Figute
52 illustrates the correct»puddle shape for complete penetration
on this joint,. W ® .
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' . Pigure 52, gCorrect Puddle Shape for
‘SHarp Vee Joint,

As soon’ as penetration is complete, as shown -by ¢he puddle
shape, add filler rod and advance the heli-arc torch simultaneously.
Keep advancing the correct puddle shape to complete the pass. When
you have mastered the technique, you will be able to- keep the height
of2;§3ﬁpuddle even and about 1/8 inch thick (@ependigg on the pipe
SiZé .,:,.‘ P .nﬁ:.. J t ) b} ," . 08 A

Note: Manipulation of the torch is not necessary to obtain
the proper width of weld in light gage metals.

When terminating the'weld,'thé foot control should be swung
to the low pqsition, the arc broken, and the shielding gas permitted
to flow ovezéiﬁe weld area until it has cooled to a black heat,

In ordep to avoid overlap when restarting a weld, the arc is
struck ahead of the terminated weld (approximately 1/4 inch) and
then moved back to the end of the weld so as to bring it to the
molten state before adding rod.

\
Vertical Position Welding ’

Pipe welding in thé vertical position is where welding is performed

in the horizontal position and the pipe may not be rotated.

gE————

L

Figure 53, Torch Position for Welding -
Pipe in the Vertical Position. ’

oL 156
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Special techniques are required to compensate for the sagging
of the puddle due to gravity. Position your torch as shown in figure
53. The weld puddle is formed on the upper side of the joint and
" is kept slightly above the centerline of the joint., Move the torch
in small circles, from the tQp of the puddle around the puddlé to
the bottom and then up the other side to the top.- Do not let the
arc dwell too long on the bottom, but let it favor the top of the

weld. This circular motion will ensure fusion of the bottom of "
the jcint with the filler rod, and yet will not undercut the upper
side of the weld bead. ,

Overhea.d Position Welding

In the overhead weld positidﬁ, the entire weld is accomplished
with the material at or above the welder's eye level, After tack
welding, the pipe 1is set up so that the centerline is horizontal

or ap mately so. The pipe must not be ?oﬁig in any direction.

.
-

s
4 .
4 .
X3 START
T —{:5TOP

f%gure 54, Welding Sequence for Pipe,

After the joint has been properly tacked and placed in position
for welding, figure 54, strike an arc on thq side of the joint and

carry it to the bottom of the joint. Let the ‘arc dyell on the bottom’

of the joint until a small weld puddle forms on each side of the
vee. Then add filler rod to the front of the weld puddle until
the puddle bridges the joint opening. (Do not put the filler rod

directly into the arc.) .
" QUESTIONS . ~
é% ‘1. What type of inert gas is most commonly used?

) E. What is the minimum number of weld passes on a stainless

steel pipe weld?

3. What are the reinforcement requirements on a stainless
steel pipe weld? . .

4, What are the five joint designs that have been developed?

~
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INERT GAS SHIELDED ARC WELDING OF ALUMINUM PIPE JOINTS

’

)

OBJECTIVES

After completing this stydy guide, you will apply the fundamental
principles and techniques involved in machine set—-up, current settings,
gas adjustment, filler rod selection, and welding aluminum pipe °
in the fixed vertical, horizontal, and overhead \positions for the
butt, aggle, and tee joints, R o

.

INTRODUCTION . . - . —

Although the basic procedures involved in welding aluminum
and alunimmg alloy pipe and tubing are the same as for welding other
types of pipe, the machine set-up and filler rod differ considerably.
A weld placed on aluminum alloy pipe using the settings and procedures
for stainless steel would cause the joint to fail immediately. For
this reason, extreme care must be taken to ensure you are using
the ‘correct settings, procedures, and filler rod for each pipe joint
regardless of the material .involved, . L ..

INFORMATION : , o

Pure aluminum weighs approximately 1/3 that of steel. It is
a very good conductor of electricity, has a high resistance to corrosion,
and is a good conductor of heat. It is easily formed by rolling,
drawing, hammering, pressing, etc., into any of the many shapes required.
It has Wery good casting qualities by the die cast, permanent mold,
or sand cagting method. In spite of these desirable properties,
aluminum in its pure or nearly pure form has very low strength char- -
acteristics. This factor makes unalloyed aluminum useless for structural

bad

Aluminum alloy can.be made as strong as lo bon steel. 1In
fact, some fully héat-treated, cold worked, and art ficially aged
aluminum has the highest weight-strength ratio of any structural
aIloy known. Although the aluminum alloys, ag“such, \possess higher
strength characteristics than the pure metal, most of the aluminum
alloys have lover, corrosion resistance qualities than the pure aluminum.
For this reason, most alloys possess a clad or alclad coating of
pure aluminum.or some more corrosion resistant alloy than "the base
metal. On metal parts where this clad coating is not present to .
protect ‘the base metal, other corrosion preventive treatment, such
as painting, anodizing, etc., are used to induce high surface corrosion
resistance. Heat treatment may increase or decrease the corrosion
resistance of aluminum alloys.

N B
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TEMPER ,DE

SIGNATIONS

.

Temper designation for aluminum and its alloys is an alpt;abetical—
numerical code system used to properly designate the physical or
méchanical properties of the alloy.

These designations differ for

A
4

each ,type of alloy according to tife heat treatuent, forming, or
other operations to which the alloy has been subjected.

The temper

designations are divided into two main classes; those pertaining

to alloys that are hardenable by heat treatment and thosé that are
not hardenable by heat treatment,
letter and numerical code numBers. immediately following the numerical
alloy designation. - o

The temper designations are the

New Temper Designations

Oid :
Temper Strain Hardened StramTI-;Z.rdened Strain Hardened
..Designations Only Partially Annealed Then Stabilized
) Alloy 1100 & 3003 ’
(Formerly 2S & 3S)
1/4 H -H 12 ’ -H 22 -
1/2 H -H. 14 - -H 24 "
; 3/4 H -H 16 -H 26
H -H 18 -H 28
. | Extra Hard \
(Not Standard) -H 19

\

1/4 H
W2 H
3/4 H

3 H
s | Extra Hard -
: (Not Standard)

Alloy 3004, 5052 &)

5056*-(Formerly
4S, 52S and 56S)

.t

-H 32
-H 34
-H 36
-H 38

-H 39

*These alloys may also be obtained in -H1 and -H2 tempers but -H3 is not
applicable to alloys 1100 and 3003. '

~

1 4

Table 4. l’./"emper Conversion for.Nonheat Treatable Aluminum Alloys.

'80
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Nonheat Treatable Alloys ) .
- : = :
The Aetter "F" designating "as fabricated" in the case of wrought
alloys, indicates that no control has been exercised over the temper, -
and the part is to be used in this condition. The!'O" temper designation
indicates the annealed condition of an aluminum alloyv Thege two
designations are applicable to either Jheat treatable or to nonheat
treatable alloys. Pridr to the introduction of the newer temper - -
designations for nonheat treatable wrought alloys, the only temper
designations for these alloys other than "0" or "F" were 1/4 H, 1/2
H, 3/4 H and "H",.denoting a strain hardened condition from 1/4
hard through full hardness for any nonheat treatable alloy. Table 4
gives a breakdown of the new system as compared with the‘old one.

Heat Treatable _{A.Hoys o
The temper designations for heat treatable aluminum alloys
consist of the letter "T'" followed by a one or two digit number,
The "T" designation after the alloy designation denotes that a basic
heat treatment has been performed for the purpose of inducing increased
hardness, tensile strength, etc., The one, or two-digit number following
the "I" denotes supplementary ®Berations and/or the degree of increased
hardness, tensile strength, etc., gained by the combination of strength
producing operations. These operations may include solution heat
treatment, natural or artificial agyng, cold working, stabilization
treatment, or any other operation that may induce the desired or
required properties in the various alloys.

Interpretation of Individual Temper Designations -

In addition to understanding the meaning of the basic problems
involved by the "T" designation on aluminum alloy, the man in a shop
should also know what the individual numerical designations following
the "I" mean, as shown in table 5. .

. L

1, -W designation on alloy indicates that the part has been
given the required soak at the solution temperature and quenched,
but has not been aged either naturally or artificially. 2024 allay*
ages naturally at room temperature and must be kept under refrigeration,
or within 24 hours, 90% of the age hardening will take place and
the "W'" temper will then be present. With allpy 7075, artificial
precipitation is necessary to age harden the alloy, which will remain
.in the "W" condition for several weeks becauge it takes up to two
months for 7075 alloy to naturally age harde3§
2, ~F and -0 temper designates the "as fabricated" and annealed
conditions respectively,
3. .-T2 temper applies only to cast products annealed to iAcrease
ductility. ' ‘

4
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Temper Designation Meaning of fI‘empe; De'signati;)n

"S'' means a wrought alloy when this

letter follows the old alloy designation )

as opposed to the cast condition. No ) .
particular temper is indicated unless .

followed by one of the designations . -

below, ' ]

' W ---e-e-eea--w--~ -Solution heat-treated, but not aged
~T2-el7ce-aecmeon-— -Annealed (applicable to casting oply\
eT3ccccccacccnccan— -Solution heat-treated, cold worked,
-T4--cecouen cemmmma— Solution heaf-tfeated, natural‘k?'&;&

e eTBcccccctnacccanaa — Artificially aged only, ]
a e S.olution heat-treated and artificial-‘
ly aged,
A - Solution‘héat-treated and stabilized.
M Bacecncan ;e Solution heat-treated, cold workéd,
A art1f1c1ally aged. .
-T9----- e ——————— Solutxon heat- treated artifically
> ) aged, cold worked.
'Tlo'f'"";" ------ — Artifically aged and cold worked.

A
Kl

{Txble 5. Explanation o)\(emper Designations.

4, ~-T3 temper applies to parts which have been solution heat

treated and then cold worked. T3 alone applies to sheet stock in
"which the slight effect of cold working after the hardening quench,.

such as flattening during manufacture, is recognized. Additional

cold working is designated by a second digit after the 3, such as

T31, T34, T36, etc. The r the second digit, the greater will-.

be the ampunt of cold working final hardness. This final hardness ”
is induce® by stretching.

5. ~-T4 temper denotes parts which have beep.solutibn heat
treated and naturally aged. It applies when a part is not cold
worked after heat treatment and is the true temper induced by a shop

heat treatment on a newly fabricated aircraft part.
.

6. -T5 temper designation applies’ ‘to _products that ate artificially
aged without pripr solution heat treatment. It is not normally
used with regular sheet stock, but is visually applicable to casting
alloys and large extrusions.

- 3
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7. -T6 temper indicates. products which arq solution heat
treated and artificially aged with no cold working after the solution’
treatment. This temper is well known in alloys 7075, 6061, and
2014. : .

-
.

8. -T7 temper indicates solution heat treated and stabilized
mainly for the purpose-of reducing stress after solution heat treatment.
It is usually applicable to cast alloys -and not to the wrought alloys
in common use, : ] |

9.‘ -T8, temper’ designates a part that i;\§olution heat treated,
cold worked, and artificially aged. It is quite widely used to
designate the strongest tempers available on plain 2024 and 2024
clad aluminum alloys and other wrought alloys. This temper number
is, found as the first digit indicating the above processes; the
second digit used in conjunction with the 8, indicates the amount
cold working due to stretching (elongation) that the part or sheet
has been subjected to ranging frgp T81 through T86.

P

10.  -T9 temper applies mainly to cast products that have been
solution heat treated, ‘artificially aged, and then cold worked.

This temper is 'not usually found on wrought alloy products.: ) ’ ~.
11. T-10 temper is also one of the less known temper designationa

because it pertains to cast materials®™that have been artificially . g\

-aged and cold worked. s //

TIG WELDING PROCESS

. Tungsten inert-gas process is preferred for welding aluminum
séctiorig which are less than 1/8 inch in thickness. Welding jigs
are sometimes necessary and ghogjd be used in welding thin gage
material to prevent warpage. T may also be used to weld heavier
sections but the metal inert-gds process is usually chosen for its
higher welding speed and needed voltage. In the TIG process, the
arc is established between a nonconsumable: tungsten electrode and
the parts to be welded.with a shield of inert-gas enveloping the
arc and weld pool. The arc melts the base metal and a bare filler
rod of suitable alloy is manually added to the molten pool. |Welding
can be dcue rapidly from all positions. Flux is not required in . __ .
TIG wzlding because the action of the arc breaks up the oxide film
and allows a good weld metal filow., A shield of inert-gas surrounds
the electrode and the weld pool to prévent oxidation during welding.

TIG welding 1s .faster than gas welding due to the heat of the tungsten |
arc concentrated in a small area. Distortion in TIC welds are less
than for gas welds. #_th
Power Source. g
For any welding process, heat must be supplied to the base
metal and the filler metal (if used) to fuse the component parts.
The source of heat in the TIG process is the electric arc maintained "f

between the electrode and the work piece.

83



ELECTRONS g3

WORK POSITIVE ° WORK NEGATIVE

D.C. : D.C.A

Figure 55, Machine C ections for DC Straight
. and Reverse pPolarity Welding.

N
. N

Alternmating current is regommended for TIG welding of f‘alumi“

num. For some welding applicAtions, direct current, DCSP is used
succegsfully, To rstand why alternating current is recommended
for TIG welding applications, DCSP and DCRP are to be considered
first. Machine connections for direct current straight and reverse
polarity welding are shown in figure 55, In DCSP welding, the electrode
is negative and the work positive, so that the electrons go from
the electrode to the plate, In DCRP, the electrons-flow from the
plate to the electrode. In DCSP welding, there is considerable
heating of the base plate, which is receiving electrons, while the
electrode stays relatively cool. During DCRP welding, the opposite
ig true. As the electrode receives the heat from the electron transfer,

" 4t is overheated at quite low currents. This limits DCRP for TIG
welding, since~there is likely to be tungsten burn-off and contamination
of the weld. L

- . .
“u . ;
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g, O

WORK (AND OPPOSITELY THE ELE&TRGLE
ALTERNATELY POSITIVE®AND NEGAT|
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ELECTRONS ﬁ ELECTRONS
DURING. THE DURING THE

V STRAIGHT
RS ARITY POLARITY

L
HALF OYC “HALF CYCLES

Pigure 56,  Electron Flow in AC Welding.

” )
,

Alternating current is widely,used for it offers both the advantages
.. f DCSP and DCRP welding. Theoretically, AC welding can be called
a combination of DCSP and DCRP welding, as illustrated in figure
56. .
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e o Figure §7, Current Flow in AC Welding., »

@ o " ' In AC welding, when the current passes through zero,  figure °
' . 57, the arc is broken. To restart the arc, high voltage, high frequency
(120,000 cycles) low power:additional current i% superimposed on.. p, "- X~
vy the welding current. Low frequency AC 1s di icult to start and
' maintain the arc. In using high frequency, a path is established .
v ‘ » for the current to follow when the arc-is struck at zerp current.
After the arc is started and stabilized the“high frequency is automatically

s . cut off . " ° . .

k]
S Welding Equipment . .
. . - -~ N M B~
‘ ) In addition to the AC power source, the required equipment
is as follows: o . ; o '

.

» [

1. TIG welding torch. =« . o <

N % ? < . e » -
- 5 T e

: 2. Inert-gas. supply, regulator-flowmeter, hose, and ‘fittings. -

& i 2
» . *

R Filler metal, - RS .
\ ¥

. 4.  Water supply and fittings. ~
. o .o @ . n
5. Helmet or eye shielding, and protective clothing. |
S . . - . v
~ . .. .6, ‘Welding jigs or Bécéhp plates, - i
R . . 7 . .t L ) .
! For currents aBBve‘fBO %hbers, cooling the torch and power
ff . ~  cable with water is necessary because,of heat-génerated by the arc
) and the current passing thrgygh ‘the cable, For welding currents, .
‘below 100 ampers, air-dooled torches are satisfactory.
, A ') b ’ -' ©
ﬂ. - S Water used to cool “the welding "gdn should Jbe clean to prevent
’ ’ clogging or flow restriction, Overheating can melt the silver brazed.
. " %% ' metal joints In the gun_dnd the plastic water tube which sheaths '
, the electric cable.,. A control mechanism.is available which ‘does
’ * not allow the welding current to start unleg$ the.water is flowing,
. ) " . Some TIG welding equipment is provided with .solenoid valves and . ,
’ ’ *  valve timing controls to control the flow of water and gas during .
‘ welding. When the welding is stopped, the imer allows?the water
and gas to flow for a sufficient length ‘of (Hime to allow the tungsten 3 -

. , \ . - . . 85 ’% ‘_ . ' . )
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-« cup a distance equal 'to its diameter for butt ‘welding and slightly

O too high or too low a .current.
rticles to transfer to the weld while insufficient current a€lows

3
- r

electrode to cool, thus preventing contamination when it is exposed .
to air. tungsten ,must cool bright and shiny. Any bluing or .
blackening of the.tungsten.indicates a,lack of gas coverage.

* ° ’ s“‘ ., ' '

The TIG welding torch carries the welding current and directs

the inert gas to the weld.area. The torch must be properly insulated
for the maximym current ranges to ensure operational’safety. Current )
is transmitté%gfrom thes AC transformer through the power cable to .
a collet holding the tungsten electrode. Gas ports surrounding the
electrode permit the imert gas to enter the nozzle or cup which
is directed upon the surface to be welded.

The electrode should extend be&ond the end of the gas shielding

further (1/8 to 3/16 inch) for fillet welding. Selecting the right

size electrdde for each job is important in preventing electrode

damage {pure tungsten melts at 6125°F) and causing poor welds by
Excessive current will cause tungsten

ithe a¥c to wander erratically over the end of the electrode. Recommended
electrode sizes for various ranges of welding current are shown
in table 6. % & .

13
.

Electrode Gas Cup ° Welding Current ( Amperes) T

Dia In. . “No. AC DCSP DCRP
) P =

040 - 6 .10-40 10-40

L 1/16 6 - 20-60 20-75 10-20
. J X N
3/32 6-7-8 30-100 30-100 15-20
1/8 6-7-8 150 100-150 - 25-40
3/16 7-8 200 125-200 " 40-80

- \ -

Yo Table 6. 'SeZ‘ection of Electrode Diameter, Gas Cup and Current Se;&ti‘ng.

Filler Material -

[

o Additional filler métal is not necggsary
enough parent metal is provided by
weld bead,

ﬁetal,

A 5

\

in TIG weldfﬁg when ,
e*Joint design to form the
For other welds it is often necessary to add filler
Filler metal in theé form of straight length, bare rod, is

uged for manual welding; while filler metal in wire form, spool

wound, is used in both manual or automatic .welding.
réd or wire should always t® placed within the inert-gas shield

~

’

The filler

-

o -

*
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and at the leading edge of ‘the weld.pool. Too large a rod or wire .
disturbs and oftefl freezes the pool; while a rod too small in size
forces the welder to feed too fast for s fteady hand operation. Care -
must be taken, to see that a compatible filler metal is used in welding
different alloys or longitydinal cracking may.result. Dirty rods
will, contaminate the weld and every effort, should be made to use
only clean rods. ) ot

-
4 g

7 Metal Preparation ’

. Cleaning the surfaces to be welded is of major importance  in
4"‘\ #1 aluminum joining regardless of the welding process. Oxide grease
i or oil film remaining on the edges to be joined causes unsound walds.
. .Mild alkalige solutions and commercial degreasers that do not give
off toxic fumes during welding are used successfully to remove surface’
contaminants before welding. All welding surfaces should be thoroughly
gfﬁ after cleaning to prevent porosity- in the weld metal. Oxide
ilm should be’ removed from the surface of the aluminum“by using

aluminum wool or brushing with a elean stainless steel wire brush.
“ v

‘Y -

‘ WELDING SET-UP AND APPLICATIDN :
1. Place the pieces of metal in a jig and butt edges ‘to check

for fit-up and alignment. Clamp the pieces for alignment and spacing
« * Good joint fft-up makes welding easier.

2. Adjust the current setting and argon flow for the thickness
of the metal being welded.

3. Tack weld at about 1l to l 1/2 inch intervals; the tacks
should be neat and small., .-
4, Adjust the arc to.the desired length, between 1/8 to 3216
' . inch. - - ' . ‘ )
¢ 5. Hold the arc ar the starting point until the metal liquifies
and a molten pool is established.
— ~
T 6. Add the filler rod manually to the front. edge of the molten
pool, melting a small amount and withdrawing the rod. ' o

7. " Point the torch in the direction of travel with a lO -
20 degree .angle from the vertical position.

8, Keep the filler tod fairly flat to the work surface between
15 - 30 degrees #fom horizontal posigion. . ‘ .
9. Advance stea§§§§ ,along the line of weld keeping a untiform .
" ) bead with evenly spaced ripples . - PR

' 10. To g¢erminaté the weld depress the foot control switch, -

keeping the“torch directed on the molten pool. Gas and water will
¢ontinue to flow for a few seconds cooling the weld, preventing
contamination of the metal and tungsten electrode. .

.'
. . A

2
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¥ VERTICAL FIXED POSITION,

Because of the lack of color change in aluminum at the melting
temperature, welding of aluminum pipe has been a rather difficult
operation until the TIG welding process came into use. With the
more precise heat control and smaller heat affected area; welding
of aluminum pipe in the fixed vertical position is a relatively

_ simple operation.-

<

For many years, aluminum pipe was generally jointed with threaded
fittings. A trend toward welded joints gradually became evident.
Today, welded piping systems are specified in a wide variety of
industries. Initially, gas welded methods using oxhydrogen and -
oxyacetylene were ‘used for welding-aluminum Pipe. These processes
required the use of fluxes, which, unless removed subsequent to ,
welding, were a tdrrosion ﬁazard to the pipe in the presence of
moisture. Welding other thsg in the flat position was very difficult.
Both of. these factors imposed a severe limitation on the use of
welded piping systems.

Aluminum alloy pipe characteristics ke them useful materials
of "construction. Many of these roperti s are of value in piping
systems, including“resistance to torrosion, strength, lightweight,
protection of. purity and color of\tpe prodiuct, and gast of joining.

There is a variety of aluminum alloys, but only thrke are geherally
produced in pipe form. The first is alloy 3003-H112 which is a nonheat
treatable alloy containing manganese. It provides adequate stresgth

_for many, applications together with high-resistance to corrosion.

Alloy 6063~T6, a heat treated aluminum magnesium -silicide type alloy,
provides higher strength and equivalent resistant to corrosion.

Alloy 6061-T6 is similar to 6063-T6 but has higher strength. In
mOst environments its résistance to corrosion is equivalent to that -
of the other two alloys. -Other pipe alloys .such as 5052, 5154,
5083, 5454, and 5456 have excellent strength and ductility. - .

‘ .
LA

- « WELDING PROCESSES

AC High Frequency - Argon Gas :
A gas tungsten arc method commoniy used for aluminum’pipe usag
AC with superimposed high frequency, pure or 27 tungsten electrodes,
and argon gas. ~ ‘.
- A ; "

DC Straight Po1arity - .

A second methoed uses DC straight polarity current, pure tungsten
electrode, . and helium gas.

« [N
v ' . L '
¢ .
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3 WELDING PIPE BUTT JOINTS IN VERTICAL FIXED POSITION ‘f

., Edge preparation of all butt joints must be melted through their
full, thickness to obtain a complete peretration weld.. This can be
facilitated by a combination of proper edge preparation as shown in
figures 58 and 59. Figure 60 shows the finished joint.

/16" +021/32"
[ =

VERTICAL PIPE AXIS

®

Vertical Attitide \

\

M- 0,375

?V.
AY
/

oy

* .

[+—1/16" 1/32"

4

o

* VERTICAL PIPE AXIS

r

Figure §9. Weldment With Root Opening -

]

32k /32"

Vertiecal Attitude.

.

=

&
89
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°

Pigure 5§. MWeldment With No Root Opening - _

o~



..
K
7
“ 1
L 4 * v
- <
- s . .
) Pigure 60. Finished Vertical Butt Joint.
- ] i .
NN ) g Ny .
. AA Alloy ;. | AWS-ASTM Filler Metal
. I?esignatwn' Classification & ~
’ 1060 & ER 1060 : v
1100 ER 1100
v 5050 ER 5050,
5086 _
5458 —_— .
. ’ A 5052 ER 5052
. . 5154 ER 5154 ) ‘
T ER 5254
~ Y6083 —_— . .
.- 6061 _— . ¢
. 6061 _
7072 _— .
K = : 6062 —_— ) py
N : T o 3003 —_— - . .
3003 _ . o o
’ 7072 — .
3004 ER 3004 .
. 5358 £R 5356 , )
oy At 5558 ER 5556
4043 ER 4043 . )
. 5083 —_— i el
. . 5183 ER 5183 o
+ 5554 EB 5354 . ’
. - 5652 ER 5652 S r
* 13 \ . 4 » f
: Table 7. Filler Metal Classification.
] .
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Filler Rod Selections :
Filler metal selection can be made from figure 61.

Welding Technique

The successful welding of any joint requires pr?per edge preparation,

clearfliness, and good fit, in addition to the actual deposition of -

the. weld metal. Tungsten contaminated with molten aluminum must not

be used. First, clea#n the prepared edges to remove all traces of

combustible material and then assemble the joint. When-the joint

has been properly aligned, tack weld at three or more locations, Tne

tack weld should be fully penetrated and rather flat; that is? not

built up-and should not exceed one inch in length. Three such welds O

.placed equidistantly around the joint will usually maintain alignment,

When applying a weld with the pipe in the vertical position, “all passes

should be applied as stringer passes.
% L

) When welding pipe, it is most satisfacrory to point the electrode /
i ) toward the center or gxis of the pipe. This is more satisfactory - )
L - ,than'trying to modify the angle of the electrode along the length -

. of the weld. The arc should be maintained at a controllable length,
usually about 1/4 inch or just long enough to prevent contamination

of the electrode when the welding rod is added. Short arcs do not
contribute to ease of application or improvement of weld soundness

or appearance. The inert gas should be adjusted to flow at a rate
which will provide good cleaning; when operating on the bottom section
of a joint in the horizontal fixed position, the gas flow must be
increased in order to obtain freedom from porosity,
#*
VA ) -
» ]
. &
~ - - . . HORIZONTAL - .
. PIPE AXIS
K Figure 61. Orientation of Weld Joint. : -
.a E ;-
(\
)
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':5:1' - OVERHEAD FIXED POSITION T \

Using a little common sense and a whole lot of practice, the
welding of aluminum alloy pipe joints in the fixed horizontal and
overhead positions become no more difficult than welding in any other
position. The key to all welding processes and positions can be summed
up in one word - PRACTICE. ' '

The orientation of weld joints with respect to horizontal and
vertical planes of reference shall be in accordance with figure 61.

A Welding shall be accomplished without pipe rotation, so that weld
metal is deposited from the overhead, vertical, flat, and horizontal
fixed posttions. ” "

Welding shall be started at the bottom of the joint and progress
upward to the top of the joint; under no conditions shall welding
be performed in the reverse order. The horizontal reference plane
is taken to lie always below the weld under consideration. Inclination
of axis is measured from the horizontal reference plane toward the
vertical.
*

Joint Preparation : .

1L
po——,.SLE°0

0
‘lzc/l_llo* llql/l

<

,

Figure 62. Joint Preparation Requirements.
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HORIZONTAL POSITION WELDING . S

7/

Joint Preparation B '

Welding edges of aluminum and nonferrous metals| with & wall
thickness of 3/4 inch or less shall be, beveled at a 4 » =0) degree
4ngle, leaving a 1/16 (+0 - 1/332/2;ch root face land at the bottom
of the welding edge, figure 62

Joints which require a root opening shall have a separation between
lands or welding edges of 3/32 (+1/32) inch for the full length of
r the joint.

P4
Joints which require no root opening shall have the lands or
welding edges butted together so that the lands are touching and the
beveled edges form a groove. There shall be no clearance between
lands.

-~

Weld Specification

WIDTH. Butt welds shall have a finished bead width approximately
1/16 inch on each side of the-bevel. Under no conditions are wide
welds to be uséd to cover poor fit-up. )

. -

REINFORCEMENT. Reinforcement of butt welds shall be not less
than 1/16 inch, nor more than.3/32 inch-above the surface of the base
material. Reinforcement shall be built up uniformly from che surface
of the base material to a maximum at the center of the weld, 'and shall
blend smoothly and gradually with the base marerial. Finished weld
contours shall be uniform and free from depressggns below the surface
of the base material.

PENETRATION. Butt welds shgll be flush with the inside of the
pipe. In cases where grinding is not possible, the following even
underhang dimensions are allowed:

Pipe Size Maximum Protrusion®

Up to 2 inches ‘ - 1/32 inch s

2-1/2 inch an¥ owver 1/16 inch
QUESTIONS - B ¢
1. InCOéphac two clas;es are the temper designations divided?

2. What current is used to weld aluminum?

3. Whac are the three’aluminum alloys generally used in the
manufacture wf pipe? )

4. What direction of travel will you use when welding pipe TN .
in the overhead position? . //A\\ . .

. . !
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':S‘{ 5. How far will the weld bead overlap the bevel on an aluminum
pipe weld? \ .
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